
Hitiocytic sarcoma x : X X 
Squamous cell carcinoma, metastatic; 
stomach 

Mditinum, hemangbwcoma, 
metastatic, heart 

NW +f+~+A+fCf++++++C++++C++C 
C+A+4A4++44++++4444A+++44 

2% 

TABLE C2 
Individual Animal Tumor Patblogy of Male Mice in the Stop-Erclw#mre 1~~~ S%udy oil l$-Bus 

Number of Days on Study 

Caratas ID Number 

Respiratory Syskm (continued) 
Lung (continued) 

Hemangicwcoma, metastatic, beart 
Heman- metaatatic, liver 

Special seltaea sya 

Eye 4 + 
Adenocarcinoma, metastatic, 

hardetian gland X 
Harderiaa gland 4+++c+=+++++4++1++M+++4+++ 

Adencx!wcinoma x 
tuemina 
Bilaterai, adenocarcinoma .,. 
Bilateral, adenoma X I$ 

-3 
- 
Urinaty System 

+++~+A+f+t++C++C+C++++4++ 
‘J 

Kidney 3 
Adenocarcin~, metastatic, paticrw X $4 -.+$ 
Adenoma 774 IW 
Hemangbarcoma, metastatk, heart X X X q y 
Hiitiocytic saranma X X _. 
Renai tubule, ade-noma + . I -‘. 

urinary bladder A4+4+A44++444+444444A++++- 

systemic fasions 
Multiple organs 4~+++++++++++C+++4++++f++ 

Histiocyticsarc0ma x X X X 
Lymphoma lmdiit X 
Lymphoma maiigltatlt lymm x x 
Lymplmma maligMnt mixed X 
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455S5~55555555666666666677 
-dD~ysonStwIy 901133445567900‘123,3346622 

5606996649333476557994609 

22222T22222222222222222222 
- ID Number 10 1101110 111111 l11100 0101 Total 

3924!F33683555621100777684 Thuca/ 
1231453144352212353312412 Turnon 

-P-d? w&y cc-h=9 
con 

-*ban xx X‘ x X X X 18 
~metaatatic,livef 

i-kpatoce11ular 
X 1 

~metastatic, 
liver 1 

3ik3tiocyticsatwma X X 5 
Squamous cell canimma, metstatic, 

5t0lWNh x 1 
Media&mm, hcmangiawrcoma. 

mctastatic, heart 1 
?koae ++++++++++++C++f++++++C++ 49 
lfntcfiea +C++i++++f+++++++++++f+++ 47 

-$amI Senses System 
sar -I- 1 
3E + G 4 

2tdemc&Iloma, metaatatih 
-%and 1 

:Fiarderian gland +c++++c++++++++++cc++c+++ 48 
Adenocardnoma 1 
i%denoma X xxxxxxxx x xxxx 2.0 
BIteral, adcnoaucinoma X 1 
Bilateral, adenoma X xxxxx x 8 

Y&amy System 
:i;idney +t+++++C+++SC+++~+++++++f 49 

Menocarcinwla,metastaticT~ 1 
AdtXlOlM x 1 
Hemangi~ma, metaatatic heart X X X 6 
Histiocytic sarcoma X X 4 
Renal tubule, adewma X X 2 

Zimuy bladder ++++++++++++++++4--I-++-+++++ 47 

zy!sRtdcLesioM 
Mlltipk? organa 

Histiocytic saraxna 
Lymphoma nxalipmt 
Lymphma nta&mnt lymphoqvc 
LymphonlanmLipntnlixai 

+C++S++++++++++++C++C++++ so 
X X X 7 

1 
X X 4 

X X 3 
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IndividuPl Anhi Tumor Path&gy of M Mice In the S ttaa of l,ZbBabrdkacr 
625 ppm for 13 VV’keks 

111‘222222222233333344555s 
Number of Days on Study 

Carceas ID Number 

689’d23457’7889U12;4S71702.35 & 

~S4~417101456~327i20016093 ‘y2 ,.. I 
tll~lllIlll~lllllllll~l~~ 
877887888888888&3788787878 ” 
S88i5472634SO4112936819295 .< 
5 2s 3 1122154325 2?224143152 :j 

B 
1 

:.:.$ 

+++4++++++4++44++4+4MH+Mc ~-3 
AAAAA+++A+AAAAA++fA+A++-C+ -.” 
+4+A++++4+4~++4A+44A4+++++ 
+A4AA++++++AAAA+44A+A+++~+ -:I 
+++A+4++++4+4AA+++A++++c+ 
+A+A+M+++++++cA+~+A~~+444 
4AA44444A+4+AAA+4+A++++.44 
MAAAAA4+A+AAAAMM++A44+++M 

Alimenbry syatenl 

Gallbladder 
Iatcatioe large 
lnteatine large, cecum 
Inteatille large, c&n 
rxltestine large, nmlm 
Intcatiac small 
Inkstine small., dwdenum 
IIltestiacSmau,ileUm 
htestiae sma& jejunum 

His~ic- 
Liter 

HUWUlgi- 
Hcmangbwwma, metstatic, hean 

~~~- tarcbam multiple 
Hcpatoce8ularadeaoma 
HcpntaceUular &noma, multiple 
Hkiocyticsarehllru 

Meaeatuy 
Fat, hemangioma 
Fat, heman- 
Fat, squamopr cell carcinoma, 

mctastatic,atomacb 
P- 

Acimls, his- tiarama 

ii@tizz- 
Strrmach,forestasroacir 

squamouscdl- 
ss-~-l#rpllkulu 
Squamous cd pa- multiple 

s-glaadnlrv 

2itzzd 
cxuhoma, mctwtafi~ 

Tooth 

+AAkA+++A+AAAAA++CA+A++++- 
+AA4++4+A+++AAA+44A+++++-A 

xx 
xx x 

x x 
+ + 

X 
+A++++++++++++A+++A+++4+4 

4++~4+4+++4c4444+44+4+++-c 
~$++++~+4+4+~4++*c++,+c-++--+- 
++444++4+C+f4+4+$+++++C.4,*- 

X 
X 

X 
+ 

ca-arsgfcm .I 
Heart ++4+4+4+++4+++4+4++++++4+ 

AhreolarAmrrvbidarcsnjnoma, 
metastatic, lung 

HCWJllgi- 
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5555:555666‘666‘666667777777 
S666’899112333567990222222 
8 6 7 7~0 5 5 17 3 18 8 0 6 7 2.3 7 3 9 9 9 9 9 

111t111~1111t111111P11.1111 
8778;788888888-887787877888 Total 
487Q;7056302130279~8679134 Tktws/ 
4352:313335S14444414121353 ‘Atmom 

4+4~4+44+4++44+++44++++++ 
4A+4,444+A4+4AA44A44+4+4++ 
+4+++44++f4+A444+4+444f++ 
+A4+444-$44+4A++44C4+444+4 
+A44:44++I;++++A+4++~444++444 
+++++444++C4A4+4+4444+444 
+A44’4+4+++4+A4+444+444+4+ 
+A+4.++4+++44A4444’-+-44+44+4 
+A44:t+4+4444A+44+4+4444++ 
+A44+t444444A4++++44+4++4 

X  
X  

4+++++4++4*4+4+++4+++C+++ 
x: X  

X X 
X  x x, xx 

X  x x x X xx 
xxx x X  xx x X  xx 

X  X  X  
X  X  

+ I +4 c 4 4-i” 4 4 
x x 

X  

IntcatirielargrceaPm 
Intestine large cdoa 
ImesKineLag. realm 
intestine sillail 
intestine smaL duodamm 
intestlnc SmaiL Ileum 
htestine smau je jKmum 

C!XChKOUU 
HistibcyticsKcoma 

Liver 
HCmat@WXtlUl 
Hemangiawuw, mctastatic, heart 
Hepatoctuubr cadmnna 
Hepatocdlafar rxcbma+ multiple 
Heqatocellubr adcnauts 
HepatoccWar adenomu, multiple 
Histioqtic sanxxna 

MEsentay 
Fat, hemaqwma 
Fat, hemangosarmma 
Fat, squamous c&J carcinoma, 

IneKasKak SKOmadt X 
Pancnzas ++4S++++++++A4++4444++444 

Acinus, hluocytic sarcoma X 

izfiizl- 
+4++;+++4444+44+4+444444++ 
++4+4+4+44++4f++++f4+4444 

stomach, forcuomach 4+++,-t++4++++4444+44+4+44+ 
squamousceu- xxx 
ss-==w?P-- X 
!Squamous cd pan multiple : x 

stomach, glandular 4A++‘+++4+4++A4444444++444 
Squamous cdl - metastatic. 

stomadK 
Tooth 4 4 4 

-vaseu&rSystem 
Haut ++-I-44+++444+4++++4+44+444 50 

Atveolar~chi~auein0~ 
metastaKiG lung x 1 

HUlWJlrioprcomn X X xxx xx 7 

47 
32 
46 
39 
44 
44 
41 
35 
37 
40 
1 
1 

49 
2 
2 
7 
7 

14 
5 
2 

11 
2 
1 

2 
46 
1 

50 
SO 
SO 
4 
3 
1 

44 

1 
4 



Number of Days om Study 6890234517889012457170235 

Caraws ID Number 788888 8888788787878 
726345 4112936819295 
122154 

Adnmal gland 
-#f-A-t= 

BiIafera& ademma 
Adremdgland,meduua 

Pheochtomoyt~ benign 
IGels, pa-tic 
Pamthyroid gland 
Pituitary gland 
?hyroidglaMi 

Follicuk cell, adewma 

4+4+c++44++44+444 
+44~++4++++44++44++++*-I-++4 

$j 
+f4~M++4++4444++++444+C+++++ .d at 

-3 
+A+:M+~++++c++~Ac+sM+cc++c -; 
MM~M+MM+++++++++M+4M+M++W 
i-c+i+++I 4-i-I ++4+++44+4M*+++ 
++44+4+44+44C444=i-44+44++4 

General Body sy8tenl 
T&sue NOS + 

Genital system 
EpididymiS +++iI +++c++++++++++++c+++ 

prrputs glaad + 
Adenoma 

X 
Biiafcml, t .Yaminoma 

Prostate 44+4+44444+A444+444+444+4 
SeminalVeside 4A44+4+MA+4A44A4+4A4+44+4 
Testts ++f++4+4+444+44C+44++*+C+ 

HemflOgiOtM 

Lymph ooae, maadlumlar ++++,M++-i-I +4M44A+4+4+CMM++ 
WWaode,- ++++++++++++++AMM++M+cM++ 4 1 

Aroma, 9 

memstatlcg lutlg 3 
* -sarcoma 

GT- 

:- i 
cardnoma, metastatic, 

X 
Lymph rlodG mawttedc 4AM+~4444+4+44A4+44444+44 

Histiic- 
!3quamous ceu catyjlloma. metastatiq 

X 
Spkxp 44f4+4+++44444A4+4+4+4+44 

WemaWpoktie Syatcm 
Blood 
BcmemartwJ +4+f44+44444+SA444+4+4444 

Hlstiocytii- 

Lymph node 444+‘4++44++444A4444++4++4 
Renal, hitiocytk satunna 

Lpp&UO&btQiWUl 444++4+4+4+4M4AM+44+444+4 
--coma, 

metastak Ittag 
Histsiocytic$arunml -_-_ 

-HUWgiogaraOma 
Histiocyticm 

4++++44+44+444A44MM4+4+44 

I-ii&o+ tuumma 



55S5$55666666~666667777777 
?hm&rdDaysoaStmdy 5666899112333567990222222 

8677~055r73188067237399999 

CprrPssrnNnmbu 
1f111111111111~1 x I 1111111 
87787888888888877 7877888 
4870~05630213027958679134 

TataI 
Ti 

4352313335514444414121353 Turnon 

-sm --gfand 4+++f+44+++4++44444444+44 50 
~Adrenalglaadcona: 444+f+++++44++4+S*++4++++ so 

Biteta& adcmwa X 1 
AdrenaIfmeduIla 444+444++4444+444444+44+4 49 

Pheoduwwcytonu. beaIi@ X X 2 
-wet& plinaeatic +++++++++++4A4++4++++44++ 4s 
Darathyroid gland +++Ms++Mh44444M4+MMM+44444 33 
fituitaq gland ++++f++e++c++I +I ++MM+++++ 43 
Thyroidgland +4+4++4+444444++4+++++44+ so 

Folliadar ad, adenoma xx 2 

General Body s*m 
Tissue NOS 1 

Gemital system . . . 
-gzw 

Adenoma 
carcinoma 
Bilateral, carcinoma 

prastate 
Seminal vesicle 
Tesles 

IielIlallgiO~ 

++4+4+44+444444.++4+++4+4+ 49 
+ ‘f-44 4++ 44 10 

x 1 
x x 3 

X 1 
iI +++++4444444+4444+444+4 48 
+A++~4++44+4A+++4+4+4++i.4 42 
+4+4++4+++4444++++++++444 50 

X 1 

Hetmatop&tic System 
BiocxI 
3oriemarrow 

Histiocytic sarcoma 
;ymph node 

Renal. histiocytic sarcoma 
;ympIl node bf-fxtw 

Ahredarlbronchidnama, 
met2LswiG iung 

Histiocyticsaramla 
Lymph node. mandibdar 
&mph node9 maliauirmt 

Ahredar/broa-carcinoma 
metastatk lung 

Hist*ic SanDma 
stptamous ceil c-a metastatic 

stomach 
Lymph node, mcsenterk 

Histiocytic sarcoma 
Squamous cc11 eanzbuw metastatic, 

stomach 
spleen 

HetWlgioSiWComZj 
HiiocyficsaK!oma 

mw 
HIs~csarmnla 

++++++444444A+4+++++4+444 48 
X 1 

4++++++++44444+4+4+444+4+ 49 
X 1 

4+M+++Mh4+++444+MM+MM44444 40 

X 1 
X 1 

+M+4++++4+4M+M++M+M++++++ 39 
cbf++++ci 4444M4M44+++M444h4 39 

X 1 
X 1 

X 2 
+++M++444M++hf4+++4++4+4+4 43 

X X 2 

1 
++++++++444+44+++4++4++4+ 49 

X 1 
X x 2 

++44++4444F MAI M4Mc+M4Mf 4M 37 
X 1 
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TABLE C2 
Individual Animal Tumor IWhology of Male M&e in the Stop- 1~~~0~ Swdy of l&whltadlene: 
625 ppm for 13 weeks (coatiped) 

111’22222’22222333333445555 
Number of Days ou Sbuiy ~6890234577889OX245717023~ 

954~84171O145632722o016093 

111’1111I1I111111111111111 
Carcass ID Number 8778878888888888788787878 

588’6472634504~112936819295 
525’5112215432523224143152 

Megumentaty syclttm 
Msmmaty gland MM~MMMMMMMMMM+MMMMMMMMMMM 
Skin $++‘i+~$+++~+-++++9++~+++++ 

Sebaceous #and, adcwMIll 
Subcutan~tts tissue, bemanjjowcha 

Musdoakektal System 
Bone +f+~+++++++++++4+++++++f+ 

Newoblastoms malignant, metastatic, 
brain .x 

Skeletal muscle + + 
Abdominal, squamous cdl cashma, 

metastatic, stomach x 

Nervous Systc?m 
B&l 

Atbmaminoma, me&M~tic, 

-gland 
l-IM0qicsanmAla 
olfacay lob; glioAla AtdigAmt 
Olfsctory lobe, nemvbhstoma 

malignant 
SpiAai cord 

Respiratory System 

Ey 
f++S+++++++++++++++f++++C 
f+++c+++++++++++++e+C+e++ 

Adewanhota multiple ,+j 
Adermcsrciaolaa, metastat% 

> L 
; .- 

hiwderim glad 
Alvedartincbiolar adenoma x x XX ..i- 
A~ 

.w 
-2 

mAlt lpb? j, 

AJ5edare- X xx 
$ 
1 41 

Ahedarkbroncbii cluciobma, 
mtdtlpk $ 

- Au!tastatic, pRputial 
Ii-J ’ 4 

Camborn, metastatk ZymWs gland X : 
Hcmangiasaramm, metaatatic, bead 
Heman&sarwaw,mctwta~iiver ;: 
HepataceWar ou‘cinonrp-wllrstatic, 

liva 
Histhgic Sam 
Squamous ceil carcinamp, mwstatic, 

stfnwlcb X 
Mediastinum, adenoeardwm& 

Aleisstak IAnlg 
McdiastiAAm, am- 

rxidlolus, metam* IuAg 
Maiiastinum, l&is- sarcoma 



.rAiiuEc2 
ImdividualAaimplTumorFa~of~Mice~~thcS yof I,3-Bwdiena 
42s ppm for 13 weeks (ooatinr#f) 

5553rSS5666666666667777777 
Nmmiser of Days w Study 566689911233356799,0222222 

8677~0551731880672~37399999 

lllllXllllllllfllllllllll 
cam!asaiDNum&r &778;788888888887787877888 Tow 

4870.705630213027958679134 l-ii 
4352,3133355144444.14121353 w 

--fsysterm 
Mammary- M+M~MMMMNMMM+~MMMtMMMMMM+M 5 
Skill +f+~++Cf++++C++.+t+~+++f++ 50 

-gtand,- X X 2 
subcuwtcotu tissue& banangioaarcoma X 1 

?dlaamtioslletp1 SysReop 
++++C+SC++++Cf+e+++++++i+ 50 

Ncuroblastoma malignant, aeastati~ 
btain 1 

Skeletal muck 2 
Abdominal, s4pamous all rarcinoma, 

metastatic. stomach 1 

Ya!m& system - 
Brain 

Adenocardpoma, metastatic 
harderiaa#and 

I-Iwxytic-ma 
OlfactorylobG@iomamaligMnt 
olfactoty lobe, n-toma 

maligaant 
spinal and 

Cf+~++~++fS++++++ff+++C++ 50 

X 1 
x 1 

X 2 

X 2 
1 

x : X X 
X ,X x x xx X 

x xxx X X 
xx xxxxx xx 

XX xxx 

X 

‘X 
X 

x x x X 
x 

X 
X 

X 

x 
X 

49 
50 
1 

3 
11 

6 
12 

5 

1 
1 
1. 
1 

5 
2 

I 

1 

1 
1 



Tmrs C2 
Individual Animal. Tumor Pathology of Male Mice iin the §@@p ~~~~~ $,tudy of 1+3=Butadienez 
625 ppm for 13 Weeks (continued) 

1 1 1 ,2 ‘2 2 2 2 2 2 2’ 
Number of Days 08 Study 689ti234577889012457170235 

20016093 

Catcam ID Number 88888788787878 
0 4 '1 1 2 9 3 6 8 1 9 2 9 5 
32523224143152 

Respiratory System 
NOM? ++i+fC++C$++C~+++f+$++++C- 

Neuroblasioma umii@anI, melast&, 
brairi 

+t++++f+++CC++A++f+*+++++ 

Special Senses System 
Ear + 
Eye 
Harderian gland MMMMIIMM++++~++++++++++++ 

Adenocaccinoma 
Adenoma 
Bilateral, adenoma 

Zymbal’s @and 
Carcinoma 

Urinary System 
Kidney 

HemangiabarctMna, metstatic, heart 
Hiitiocytic sarcoma 
8quamous eelI carcinoma* metastati~ 

stow 
Renal tubule, adenoma 

UrinaryMadda +++:~+++++,+++A+A+++A++++C+ 
HCmZtngioms 

Systemic LesIcw 
i+~++++++++$++~+~~+-++++++ 

xxxxxxx xx xxx x x xx 



of 1,34btadienez 

5555555666666664661777777 
Numtiter of Days 0aStmdy 5666899112333567990222222 

8677055173188067;2~7399999 

111*S11Xllfl*llllllllflll 
- ID Number 8778+8888888.88877r)7877888 T& 

4870~056302130279$8679134 Tii 
43S2~313335514444414121353 T- 

ResI#tatory sm (cadtilted) 
Nose 4+++‘++C++44+4i-a4444+4+4+4 50 

NeurobUoma ma!@ant, metastatic, 
btain X 1 

Trachea ++++++444+4+A+4++4+4++++4 48 

Spemal Senses S.ysiem 
sar 
Eye 
~Fiaderian giand 

Ad- 
Adenoma 
Biiaterat adewma 

zymws gland 
carcinoma 

I 
M-k 4 ++ 4 

++++fc++444+4++4+444+i-4++ 42 
x xx X 4 

xx xxx x X xx X 13 
X xx x xxx 7 

4 3 
: 2 

uhttarysystw 
-@Y 44c+++c+44444++4+4++++4+4 50 

Hemangivma, metstatic he-art x 1 
Histioqtic sfuxna X X 2 
squamous cdl car&mom, metastgtic 

stomach X I 
Renal tubuk. adenoma X 1 

ikinaxy bladder +A+++++++++c44+44+-%-++++4+ 46 
Hemaagioma x 1 

Systemic Lesions 
Multiple orgim ff+f+++C+++f+4++4-+4++++++ 50 

Histiocytic swaxna~ X X 2 
Lymphoma maiiguant- lymphocytic 17 
Lymphoma malignaut maed X X X 5 



i : 
i 

TABLE C2 
Individual A&mud Tumor Patb~iogy of Mak M&x in the Stop UmInbaJa study of 1$-m 
625ppmfor26Weeks 

11;22222222~22222222222333 
gr 

Number of Days on Study 
__ 

57GOO12233444555666788001 .a 
9&J3952315015015288088163 

carcass II3 Number 999899998999999 989988898 
25+731168243#53 184178717 
2 3 1; 2 5 1 3 4 5 5 2 12 4 2 533214345 

Intestine‘large 

++*+4+++4+44+44*44++44++4 
+Ac++MA++A+A+++AA+A++++M+ 
+++++A+++A+++f+44f4++++++ 

% ..; 
Intestine la& cecum 

Hiitiocytic salxoma 
Intestine ,largq c&in 
Intestine Iqe, rectum 
Intestine smaII 
Intestine smaU, duodcmtm 
Intestine smali, ileum 

Histiocyticsarcorna 
Intestine ama& jejunum 

Histiocyticlsarcama 
Liver 

Hcmangi~ 
Hcmangiosarcgnra, metsstatic, heart 
Hep~tcdlnbr ca&toma 
Heptttocellular acinoma, multiple, 
Hepatoc&dat adenoma 
HepatcailuIar Wmoma, multipIe 
I-iwoqtic li8Nmma 
Mart cell tumor NOS, metastatk, 

lxmemamw 
Squainous cell carcinoma, mctwatic, 
stomach 

Mesentety 
Fat, histiocytic satwma 
Fat, squamous &I cwWoma, 

metastatic, stomach 
P- 

Achms, hemangiosarcoma, metastatic, 
liver 

Achlu&hist~csaraMla 
Aciawsq- adi carcino~ 

metstatic, stomach 

+A4++A+44A4A4444444444+4+ -g 
2; .L; .A *I 

44+-++A++4A+A++44444++4444 -‘: 

+++++A+++~A+++++4+++4+444+ 
4+4-44A444A+4+4444+44444++ 
4+44+A44+A+A4+44A+A+A4+AA 

: 

AA+~++A+++A4A4+44++A4++44+ 

+A+++A+++A++++++++++A4+M+ 

X 

X 

Pharymr 
carcinoma, metastatic, Zymbal’~ gland 
squamous ceu cgtcindma 

iriiizl*bd 
4+4~++++444444+44444+++++ 
+++++c++i-+c+++c+*+++++++t 

stomach, foRstoma& ++*tf+++++f++++++++++++++ 
Mast ceU tumor NOS, metastatic, 

bonemanuw 
squamous cell - X 
squamous cell papiuoma 

stomach, glattdulax 4A4~++4++44A+444+4A++4+4+ 
Histiocytic sarwna 
Squsmotta cell curcinoms, metastatk 
stomach 
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3 3 3:J 3 3 4 4 4 4 4. 4’4 4 5 5 5’5 5 5 5 5 5 5 6 
NtumbcrdDay~olpStudy X5555611244889011344~5563 

34~68942490133220393434825 

-cprgsgttm 
Eawphagur Gall- Inte%tinc large lntectinckrge,oeamr 
His~sarco5a 

Intestine targe, doa 
Intestine targe, rlxsum 
Intestine small 
Intatine snla4 dltodeaum 
lntcatine sma& iicntn 

Iiisriocyticsarcoma 
Intestine small+ jcjamum 

Histiq sarcmma 
Liver 

HetW&MEQm 
Hcmaa~ma. mctaststic, heart 
HcpatocelMar CBIFiMrrm 
HepaUXdtUblC 4zadwam, mltipie 
HcpatocdbMadcnwa 
Hcpatoalluiar adawma, multiple 
Histiacytic sarcom8 
Mart ceil tumor NOS. mctastatic, 

hone lnanxm 
squamouscdl carcbnq metastatiG 

stomach 
Meacntety 

Fat, biitioqtic sara~~~ 
Fat, squamous Mi cardnorna. 

mctastatk stoma& 
Panm 

Acinus, heman- mctastatiq 
liver 

Acinus,histbc+suco5a 
Acinwsquamcaaacdlcarcinorna, 

mctastatk stsmadr 
pharymr 

Carcinm memtatk, Zymbal’s gland 
squamousce8rafi iwma 

iiiizlz- 
sto5ach$ fccfst- 

Mast cd tumor NOS, mctastatic, 

~~urciwma 
ss-=s- 

stomecb,glaDduQr 
Histi~ Samoan 
Squamous cc8 t- mtwtatic, 

sto5ach 

++*++M+++c++++M+c++++++++ 
AAAAA+A+++++A+AA++++-t++.+=+ 
++CiAf+++++C+f++++++++++++ 
AAf~A++++4+4+444444A4+++4+ 

X 
4+4A+++++++44’4444+A++4+++ 
+M+‘A++++++f++++++++++++++ 
+4+A4+A++44~44+4+4++4444++ 
AAAAA+A+++++ACA++MA++++++ 
A++A++A++++++C++++A++++++ 

X 
+A4A++A+++++A44+++++++4++ 

X 
++++++++++++f++++++++++f+ 

X 
X X XX 

xx X 
X 

xx x x xx 
X X x x 

X X 

X 

X 

x’ 
4 + + 

X 
++4~++44+++444++444++4++++ 

X 
X 

X 

;: 
+ 

X 
+4+‘+4444+4+-44+444++++++i-4 
+44.+++++44+4+4t4++++4++4+ 
+4+“-b44+++4+444444+44+4+44 

X 
X XX X X 

X xx x 
+++.4++4+++++++C4444+++4+4 

X 

X 

48 
32 
47 
42 
1 

45 
46 
46 
32 
40 
1 

41 
1 

50 

: 
3 
1 
7 
4 
2 

1 

1 
4 
1 

1 
49 

1 
1 

1 
2 
1 

J:, 
50 
50 

1 
6 
4 

47 
1 

1 
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TABLE C2 

NumberdDaysanStdy 

CarcassIDNumber 

cardiovascular s-m 
Heart +4+4.4*4++4+44+44+444+44+4 

+++4~4+444444+444+,4444444+ 
++44.4+44++44+444444444444 
+444~44A44A+444+‘444444+++4 

Islets, pencreatic 4+44’44A,4444+44444+44+44+4 
M++4‘M++4+4+4MMM444c4+4444 
4++4~44+44444MM4++44+4+14+ 

44+4+++4+444+4+44444444+4 

Qrciooma 
Biiateml, cardama 

PmptatC 4444+4M4+4+444+444~+44+444 
Seminal vesicle 44++,+,AA4+A44+444-b44++444+ 

Hrmaagiosarcoma, mctastatk, liver 
Terrte 4444.44444444+444+44+++4-44 

BbOd 
Bonemarrow 444+444C4++44444444+444+4 

Histiocyticsancoma 
Mast cell tumor NOS 

Lymph- 444-te+44+44+44444444+4+444 
txll dnoma, 

4444444444444.444444144++4 

metstatIc luxlg 
Hcmangiv smtastatic, heart 
Histiocyli- 

Lymph node, -I 4Mi~44+4+Ic+4*4-t44444+44+ 
Hi8tioqtk faxcoma 4 
Mast cell tumor NCJS, met&&c, “, 

bone mamow 
I$ <- 

Squamous ceil casinoma, mctastatic, e 

pham 
” 



Ldbltil lS~IlhPlPbhB SyIdy Mak‘Mke 

%mtbardDayaonStedjr 
3333’334‘44444445sS55!i555SS6 
1555.561124488901134455563 
3468~9424901J32~20393434825 

llllllllXllllllilllPlllll 
bUYMSIDNUlU?W 8899,898989989899999998999 TOtId 

9963~9095946857320,40208362 ri 
2114’314155222453344451331 TurnOn 

-srstear 
Heart 4++44++++++++++++++++++++ 50 

carrinoma, memstatjc, Zymhai’s gland X 1 
Hunarrgiacpnrwrr x x .x X xxxx x X xx 13 
Histiocytic want48 X 1 

Zhumcrine System ,: 

-giand 4++4‘4+++++++44444+4++++++ 50 
Adrctlal @an& cortex 4+++4++++++++44++44+f++++ 50 
Adrenalglaadmaitli ia +++44444++++++44+444+4+44 48 

Hiitioqtic sarcfxw x 1 
Mets, pancreatic ++1 t:+C+++++++++.+fC+++++++ 48 
Pmathyroid gland M+++c4I4I+++4+h4M+444M4M++ 37 
Pituitary gland 4+41,1 M+++444++4444++4++4M 43 

carciwma, metastatic, Zymbds gland X  1 
Thyroidgland 44+A44++++44+4+444+4+4+++ 49 

hnera1Bodysystem - 
NOttC 

hdtal system 
Epidii 
Preputial gland 

carcinoms 
Bilateral, carcinoma 

PrOState 
SeminaI v&de 

Hemangbwuxw. mctastatic iivcr 
Testes 

+4+44++4+4+4+4+44444+4444 50 
4 * + 3- 

: : 
4 6 

2 
X 1 

4M++~4++444++4+++4444lkf++++ 41 
++44.4++++4+4+44+4++44+4++ 47 

X  1 
++++4+4+++4+44+4++444+44+ 50 

Fbmlatom sptew 
Blood 
Bonemsrrow +4+A4444C+4++~4~44444+44++4 49 

Hiitiocydc sarcoma x 1 
Mast cdl tumor NOS X 

Lmpll node 4+44.4+4++4+44444+4444+++4 5: 
InguinaL xptamolrr ceu carciaoma 

metastat& stoamcb x 1 
Lymph nodG bronciliai 4+M4~444MM4+4+M44MM+h44+4+M 41 

Alvcoisr/broltcJlio&raurjnomk -_ 
metastatic, lung X 1 

vmetastakheart X 1 
Hiiti~ sarcoma X 1 

Lymph node. lllandiw MMM+M++++44+44+444M++44++ 43 
Histioqtic sarcoma X X 2 
Mast ceIi tumor NOS, mctasutic, 

bone marrmv X 1 
Squamous cell carcinom metsstatic. ’ 

Pharynx X 1 
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TABLE C2 

Nauaber of Days on Study 

++c+a++c+M++ct+++++++++++ 
Ahwol8r~ciliolar0~ 

metast8tic, lung 
lii8tiocytic s8ruml8 
Sqtuunous cell uircinoma, metastatic, 

StOUWiJ 
Lymph node, mesent& 

I-Ii&m 8sraml8 
splaen f+++t++++++C+++++++++++++ 

Hiitkxytic 88Roal8 
Mast cell tumor NQS, metastatic, 

bone nwnvw 
ost-, imawltic, uacertain 

primmy site 
Squamous cell carcinom8, metastatic, 

stom8& 

-mym- 

Masculoskkta~ systettl 
Bone 
Skeletal muscle 

Diiphm~ hemangi~ 
mctastfktgliver 

Diqbhmgm, squamous cell carciu~ 
metastatic, stomach 

NervousSystem 
Braii ++++c,+++++c++++c+++++++++ 

Hi8tioqdc saxcoma 
Olfactoty lobe, giioma malignam 

spinal- + f 
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3333$34444444453555555556 
NommerofDaysooStsdy 155S~~611244889011~34455563 

3468~42490133220393434825 

1-111~1111X1111Zt111¶1.11111 
-lDNWlbH 8899398989989899999.998999 TC&t. 

9963909S94\6&5752040208362 Trpua 
2114~141552224S3344451331 Thraon 

EW Is- (continti) 
-Lymph node nraliutinsl ++M+++++++M+aM++++M+++++M 44 

tiikkrwcorcinomh 
mctaatatichmg x 1 

Hwocytk mrumtt X 1 
Squamous ail car&o= fnetaati~ 

stomach 
lymph node muentctic ++++~+M+++++i-+Mc++++++++++ 48 

Histicqtic sarcoma X 1 
Spken ++++‘++++c++4+++++++++++++ SO 

Histiocytic sarama x X 2 
Mast ceU tumor NOS, mctasfauc, 

bonematTm X 1 
OsteosarcDmk metastatiq uncertain 

pEim.ly site X 1 
8quttmouscdi carchmw metstatic, 

stomach X 1 
Thymw M++MN+++I MM++N+++M+++M++M 40 

btc7irnmclrtprl S.-m 
Mmanvgtaad M.MMMi+MMI ~~M~~M~MM~MMMMMMM 9 
skin +++t:+C+++++++++++++++++++ 50 

subcutaneous tissue, leionlyfmmm X 1 

MWktleipll systcim 
33one ++++.+++++++++++++~++++++++ 50 
Skeletal muxk f + 2 

Diiplltagtu hemaItgiossrwmn. 
mctastatic.lirer X 1 

Diiphtagm. squamous cell cardom8. 
nletamkm X 1 

N- System 
Brain ++++.*f++++++++++++++++++C 50 

Eistiocytic Lurcoma x 1 
ou.Jt~lobtguoma~t X 1 

Spiidcord 2 

+++A~++A+++++++++C+++++++I 47 
+++++++++++++++c+++++++++ 50 

x. x X X xx X 7 

x x X XX 5 
X X X X X 6 

x xx X X 5 

x x 
X 1 

X 3 
x 1 

x X 2 
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TABLE C2 
Individual Anhal Tumor Pathology o&Make 
625 ppm for 24 Weeks (cou~inuq) 

Study of 1,3-Bwwdienec 

Number of Days on Study 

Carcaaa ID Number 
1P~11111112P11111111111111 
99.98999989999999989988898 3 
2S~47311682430536184178717 
23:125134SS212425S3321434S 

Respiratory Syrpttm {continued) 
Lung (continued) 

Ost~, metastatiq uncertain 
primacy site 

8qllamous cell cardwme, mctafwk 
stomach 

Mediastinum, 8lveolIlr~cbiolar 
carcinoma, metastatic, lung 

Mediastinum, dnoma, metastatic, 
Zymbal’s #and 

Mediastinum, hemangiqwcuma, 
metastatk heart 

W= +C444+444444+f++S4=t+44+++ 
TXZiChC.It +~i+++Aff+++i+++++++++++$ 

Special sertses system 
Eyt 4 
Harderian gland M~MMM+M++MMM+MaMMM+M++++I  

Adenoma X 
BlIsteral, adenoma 

Zymbal’s gland 
Carcinoma 

urinay system 
Kidney ++‘~444+-t”+44+++4=+44+4++4~4 

Hemangiowww, me&static, heart 
HIstiocytic sarcoma 
Mast cell tumor NOS, metastatic, 

bonemarrow 
Osteosarawe, metastatic, utxxtwh~ 

primaly s&e 
Squamous cell -, metastatie, 

StOIlUlCh 

Renal tubule, adenoma 
Urimuy bladder +++++-+I ++A44444.4+4+++++4+ 

systemic L42&lta 
Multiple organs +-@++.+4++444++++4++++4+++4 

Hiithcytic wcoma 
Lymphoma malignant iymphocytic xx:xxxxxxxxxxxx xxxxxxxxxx- 
Lymphoma malignant mixed X 



3x9 

N~dDaysonSbady 
33‘3353444444445555.5555556 
1555~6112448&9011344SSS63 
34689424901332203’93434825 

CuEPasIDNIUDk 
1 ~1 I 1 :1 1 1 1 1 1 1 1 1-t 1 .l 1 ‘1. 1 I I 1 1 1 1 
889989898~9989899999998999 Tot& 
9963809594685752040208362 Tj 
2X14314PSS2224S3344451331 m 

~~Q--@--4 
2.Amg (amtimJed) 

-wlurmtaia 
primarysite X 1 

Squamous cell - metastatiq 
stomach x 1 

M-urn. alwdar~chiolar 
carcinoma metam* lung X 1 

Mediastiaum. carcWma, metastatic, 
Zymbars gland X 1 

M-um. h-ma, 
metastatic heart X 1 

!be +4444++4+++4+++++++++++++ 5Q 
T~CtlC.3 ++4A’4+4+++++44c++4~++4++++ 48 

spaed senses sjstem 
zye 
-glawl 

ttdenoma 
Blat- adenoma 

zymbah gland 

++++ 
x 

4 + 3 
++444+++++++++4+c4+++ 36 

X x x xx xx x 10 
X x X 3 

+ 2 
X : 2 

Urimary System 
Kidney +++4~+++4++4+++4+f4+4+4+++ 50 

Hemangiosarww, metastatic, heart X 1 
Histiocytic wcoma X X 2 
h-fast cd tumor NOS. metastatic 

tmneman7m X 1 
o%t- metstat& unceztajtl 

primary site X 1 
squamou%cell OllfiwmB, metastatic 

X 1 
Rend tubuk. adenoma X 1 

Xinatybiadder ++++‘+4+++++4++++4+C++++++ 48 

Syscfemic LcsioM 
h4ukiple organs +4++~+++44++4+++++4+4++4++ so 

l-Ibh$iisarcoma X X 2 
Lympitoma malignant Mphoeytic xx xx X X 30 
Lympboma maugtkant mixed X X 3 

~ 
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TABLE C3a 
Statistical analysis sf Wary Neo@asms in Male ““ice in the Stw 
Stop-Exp~sum Group versus Contrds 

0 PPm 2@0 PPm 
(40 weeks) 

625 PPm 
(26 weeka) 

Harderian Gland: Adenoma 
Overall fate” 
Adjuskd mteb 
Terminal rate’ 
First incidena (days) 
Life table testd 
Logistic regresion teatd 
Fisher exact testd 

Harderian Gland: Carcinoma 
Overall rate 
Adjusted rate 
Teminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fisher exact test 

Harderian Gland: Adenoma or Carcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logis?ic regression test 
Fsher exact test 

Heart: Hemaugiosancoma 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regression test 
Fiiher exact tea 

Kidney (Renal Tub&z): tinoma 
Overall rate 
Adjusted rate 
Terminal rate 
Fmt incidence (days) 
Life table test 
Logistic regressbn test 
Fisher exact teat 

6150 (l&i 
14.8% 
2~35 (6%) 
543 

o/so (“j 
0.0% 
o/135 (0%) 

2w5v (52%) 
87.9% 
619 (67%) 
440 
P-CO.001 
P~O.001 
PCO.001 

mv (4%) 
5.6% 
;y*co461 

P=O.182 
Pt0.397 
P=V.r&47 

27/50 (54%) 
88.3% 
6119 (67%) 
440 
P<O.VVl 
PCO.VVl 
P<V.VVl 

15150 (30%) 
76.2% 
srp (56%) 
330 
P<O.VVl 
P<V.VVl 
P<V.VVl 

l~‘(lOO%) 
344 
P*V.o01 
PCVBV1 
P&VVX 

~~%) 
ofl c@w 
441 
P+M28 
P =V.lVV 
P+U47 

30150 pw%) 
lVV.V% 
1n (lVV%) 
344 
P<O*VVl 
P<V.VOl 
P CO&V1 

33m (66%6) 
lVV*O% 
l/l (roe%) 
328 
P+x-mVl 
P<O.VVl 
F~O‘vol 

3/49 (6%) 

339 
P=O.ctv7 
P=V.kI75 
Pt0.117 

2w50 (40%) 
94.3% 
~~v(~~ 

P+mJVl 
P+cV.VVl 
P-WV1 

4fiv (8%) 
38.8% 
16 @w 
567 
mom1 
P=O.VV6 
P-O&59 

~~~%) 

5# &m%) 
410 
P CO.VVl 
P<V.VVl 
P<O.VVl 

7150 (14%) 
f+8% 
25 wm 
566 
PCO.VVl 
Pc0.f.m 
P=O.V06 

lls0 (2%) 
143% 
O&(038) 

P-V.181 
P=O.273 
P=O.m 

1 
1 
Olo 
306 
P<0.001 
Pwwl6 
P==V.oa 

o/m (0%) 
O-O% 
O/U 

I%50 
100.0% 
010 
306 
PcO.ool 
P~V.046 
P=V.oQ 

w5v (zitisj 
lVV.V% 
O/Q 
306 
P<V.VVl 
P<VxtV~ 
P<V*Vm 

1150 (2%) 
6.3% 
o/o 
440 
P=O.278 
P av.731 
P=VsVV 



“ira: Hepatac!elluk carcinoma 
3lsall rate 
.*fuucd rate 
T=rmfnai me 
3s: incidence (days) 
l.fErabktut 
;I?pLltic f.cgrbon test 
73hPzr uact teat 

32!%‘ . 
9m (26%) 
379 ’ 

ll/sO (F) 
26.0% 
335 (145g 
540 

Zhcerz HepatoceUdar Adenoma or %orcintmm 
dberall rate 21AO (4Cq%) 
3djfusted rate 47% ; 
T2xmlimi rate 13B.5 (37%) 
Fe incidence (days) 379 
ifk table test 
jactic repsion test 
F?%iltcr uact tart 

-2Tvse HepatbMpstoero or Hepatmilular GnrdnoIaa 
3cmii fate llm (22%) 
.*fusted rate 
T=rrmnal rate 
-3s: inddencs (days) 
-A table test 
-Lilqf%%fic rcgrcasion test 
Tz3izlcr uact test 

27149 (55%) 
911% 
7ff (78%) 
399 
PcO.001 
P.<O.tMl 
P=0.003 

14149 (29%) 
503% 
l?9 (11%) 
407 
P=O.OlQ 
P =O.SON 
P=0301 

XV49 (67%) 
93.4% 
79 (78%) 
399 
P<O.tXX 
P*O.O04 
P=O.OlO 

w/49 (29%) 
503% 
l/9 (11%) 
407 
P=O.OlO 
P =+~0.53ON 
P=0.301 

i2mw HywstoMastoauq HepatoceUular Adenoma, or Ch$dmma 
2Turau fate 
Adi@ted rate 

g$(42%) 3349 (67%) 
93.4% 

t-=nninal rate l& (si%) 7A (78%) 
3sr incidence (days) 379 399 
2&E table test P<O‘Om 
;sqartic rcgmaioi8 test P==Om4 
I?%iafcr uact test P=O.OlO, 

19/H fp%j 
100 
UJ (loosb) 
326 
P<O+tYm 
P=O.a45 
P*O.142 

10m (20%) 
74.6% 
w FJW 
382 
P4.00l 
P =0.453N 
P=&5OON 

24BO (48%) 
10&O% 
lbl (Ma%) 
326 
P<0.001 
P=O.169 
P=Q344 

ll/SO (22%) 
77.2% 
“W  t?w 
382 
PCO.001 
P=O.$T9N 
P=OJSSIJ 

l/i ( loO%] 
326 
Pe0.801 
P+M3 
l-O.274 

19/49 (39%) 
91.0% 
;;lt@w 

PCO.am 
P*O.o42 
P=O.126 

1449 (29%) 
90.9% 
415 (80%) 
520 
P<O.QOl 
P=O*142 
f=0301 

24149 (49%) 
94.4% 
* t@w 
471 
P eo.001 
PJ=O.o63 
P=O.310 

14/49 (29%) 
90.9% 
4/s (80%) 
520 
P<O.ool 
PwO.142 
E-0301 

24149 (49%) 
94.4% 
4/5 t-1 
471 
PCO.o@l 
hO.063 
Pa0310 

m30 (22%) 
lw.o% 
010 
313 
P<O.OOl 
P=O284 
P=OAOBN 

4150 (8%) 
50.5% 
O/Q 
483 
P<O.oOl 
P=@.393 
P-O.WN 

1350 (26%) 
100.0% 
010 
313 
P<0.001 
P=O.S61 
P=OA69N 

4/50 (8%) 
505% 
O/Q 
483 
P~O.001 
P==0.386N 
P=OB45N 

13m (26%) 
100.0% 
O/Q 
313 
P<O.Wl 
P=O.S61 
P=O.O69N 
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TABLE C3a 
Statistical Analysis of Primary Neoplasms in Muje. $clkre in tge 
Stopfisrposure Group versus Controls (amtittued) I 

Study of 1&Butadhe 

Lung2 Alvedar/b~~ Adenoma 
OvexaU me a/50 pm) 24Ko ww 
Adjusted fate 46.9% ’ 943% 
Taminal rate lSB!i (43%) f&9 NW 
Fnst incidence (days) 572 399 
Life table test P<O.ool 
Lo&tie I7zgre6ion test P 4.015 
Fisher exact teat PAM6 

Lung: Alvecilarlbroncbiolar Adenocweihoma or 6Zarcinolps 
Overall rate wso wfq 22450 (44%) 
Adjusted rate 14‘3% 895% 
Teminal rate 
Fmt incidence (days) 

St% (14Ljb 39 (78%) 
7290 ,. 481 

Life table test P~<O.ool 
Logistic regression tort PcO.001 
Fisk aact test PCOSNH 

Lamgt Alveolar~roltdidar Adenoms, Adentircino~ tk CaFeinomrr 
ChwaU rate 
Adjusted rate 
Taminal rate 
Fmt incidence (days) 
Life table test 
bgistie tlzgrehon test 
Fffber aact test 

2mJ (42%) 
54.9% : 
18R5 (58%) 
572 

preputial Gland: cam.cinoma 
clverau rate 
Adjusted rate 
Terminal rate 
FIlst bxcidewe (days) 
Life table teat 
Logistic rrgregsion test 
Fgher aact test 

Pmputid Gland: Ade- or cadnoma 
OvemU rate 
Adjusted rate 
Taminal rate 
Fust incidence (days) 
Life table teat 
IxJgistic ngrrssian test 
F&er exact tart 

36f50 (72%) 
loobodki 
1915, (lwq 
399 
P<OSMl 
Pc0.001 
P=0.002 

1150 (2%) 
10.0% 
Q/9 Pm 
699 
hO.247 
P=O36s 
P-0500 

l/50 (9 
10.0% 
of9 w @  
699 
P=O.24? 
P=O368 
P-O.!30 

17/50 (34%) 
s53% 
gww 

Pr0.001 
P=O.O44 
P ~O.§aw 

18/50@‘6%) 
87.7% 
3s ww 
37u 
P<O.Wl 
PcO.001 
P=O.O02 

28l50 (56%) 
100.0% 
s/s (100%) 

P4.001 
P<0.001 
P~O.115 

4/50 (0%) 
16.9% 
m Pw 
SW 
P=O.OlZ 
P=O.O39 
P=O.OSQ 

500 (10%) 

izgf%) 
SW 
P=O.o03 
R=0.013 
P-o.tyJ 

l=@ O  
100.0% 
o/o 
358 
Paool 
P4001 
P=O.l38N 

nBo (22%) 
xxw% 
010 
241 
P<O.o@l 
P<O.ool 
P=O.O86 

17m (34%) 
lOW% 
OA3 
241 
Pa001 
P<Oaol 
P=O.z6%N 

S+SO (65.51 
lWkO% 
W Q  
539 
P<O.ool 
P=0&02 
P=O.l21 

wo (as6) 
lW.O% 
o/o 
539 
PctMo1 
P=O.oM 
P=O.lZl 



Chemil me 
AdjuyELd rate 
amlBlal rate 
Fii mcidence (days) 
Lifctsdeteat 
Tk3iutacugru.siontat 
Fii uau test 

ZynU.mPs GM Adqoma or Car&ma 
Chwsail rate 
.-Ltjmrmf rate 
Tctsxmai rate 
sst .mcideuce (days) 
Life ruble test 
‘blkpuscregressiontut 
Fii exact test 

l/50 (2%) : 
2.9% 
l/35(3%)- 
=90 j 

3156 (6%) 
21.4% 
W(ll%) 
584 
P==V.V65 
P~O.195 
F4.309 

l/50 (2%) 
4.8% 
@9 P-4 
650 
P=O.s31 
P=0.661 
P=V.753N 

4/5V(8%) 
28.8% 
24 Pm 
595 
P~V.012 
P=d.V53 
P=V,181 

WV(8%) 

Pd.181 

7/5V(14%~ 
546% 
295 @@+9 
327 
p<Q.QVl 
P=Q.VZS 
P=O.o30 

2isV(4%~ 
8.8% 
@fi <a9 
506 
Pd.178 
P310.420 
P=WVV 

4HV(8%) 
51.1% 
~~wm 

P<V.QVl 
P*O.OlO 
P=V.181 

4/50(8%) 
20.1% 
o/Q 
359 
P*V.V03 
P=O.3Ql 
PM.181 

6/50(12%) 
40.9% 
O/Q 
288 
P<O.QQl 
P=O.Qsl 
PdhO13 

lo/so (a%) 
528% 
O/Q 
288 
P<Q.Vol 
P=O.313 
P=V.V04 

2&0(4%) 
37.3% 
OhI 
429 
P=O.ow 
P30.237 
P=O.sm 

o/so @%) 
0.0% 
O/o 

P=O.SOON 



318 14-B 
io 

@ion Skray of 1,3=Bubuliene 

AU Organat Hema~ 
(.hwau rate 
Adjusted rate 
Tcrtninal rate 
Rrst incddcmx (days) 
Life table test 
f-e&-~ tat 

All Organs: Heraamgioma or Hem+mgiosarooma 
ovfd1- rate us$Q4%) 
Adjusted rate 5.7% 
Terminal rate 2x33; (6%) 
Fmt imidcnce (days) 7290-l 
Life table test 
z;ic-T tm 

All organs: Lympbocytsc Mal~yt LyIqhlM 
Qvctall tale z&0(4%) 
Adjusted rate 4.7% 
Terminal rate Oi%‘(o%) 
Fmt Incidence (days) 511 . 
Life table test 
Logistic tvgrcsshn test 
Fsher csact test 

All Orgtmat Lyrpboma (M&d or,NQS) 
overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Life t&k test 

All Orgas Ma@nant Lymphoma:(Lymplwytiq mdtea, or,NQS) 
overail rate ml (@cl sm (16%) 
Adjusted me 9.8~ 324% 
Terminal me lB!T [3%) VP (11%) 
Fust i&den- (&sys) 511 a8 
Life table ted P=O.@23 
LOgiStiC~lgt P*O.$44 
Fisher w test P50.178 

24150 (68%) 
loo, 
1n (l;Q@%) 
328 
P<O.Wl 
P<O;Wl 
P~O.Wl 

2%1, (160%)’ 
2% 
P =0.034 
Pd.702N 
Pm0339 

wo (16%) 
loo&% 
M (lo@%) 
217 
Pt0&m 
P=FO.447 
P*0,178 

12450 (24%) 
75.1% 
= ww 
566 
P~O.ocn 
P<O.Wl 
P~O.ooI 

14150 (28%) 
84.3% 
3$‘“’ 

P<O.oql 
P<O.tw 
P<O.ool 

17m (34%) 
35.8% 
m 4@@ 
169 
P<O.ool 
P=O&38 
PCO.@l 

St50 (10%) 
34.8% 
lfi 0 
231 
P=O.OlQ 
P=O.om 
P=O.218 

zu!w (44%) 
582% 
14 0 
169 
Pc0.001 
PeO.322 
PSO.001 

14/!@(28%) 
lOO&% 

z!i 
PC0.m 
P<OAwl 
Pcoml 

~ mw 
815% 
010 
159 
P~O.001 
P=O373 
PCO.001 

350 (6%) 
433% 
Olo 

rs&o2 
PcO.001 
P-0500 



ckryi .xate 
Ali- rate 
krntmu rate 
Frrr -ce (days) 
rikzzoJetest 

43sncTegrrariwtcu 

AL.t3cplat BenigaN~ 
cezai .zate 
&i- late 
Teama rate 
Fn lncrdeocc (days) 
xizamcrtest 
LzJ?sncrrgrrssiontaK 
F& 3act test 

-U t3qmnaz Maligmnt Ne.opiasms 
ClrEul .rate 
-4iiurrrcrc rate 
T-I rate 
For Ixtexdetlce (days) 
I.k zoxe test 
L;pocmglcwbatesr 
Fsxz -et tat 

4150 (8%) 
9.8% 
l/2!? (3%) 
511 

41150 (82%) 
87.2% 
29135 (83%) 
379 

20@(4o(f6) 
44.8% 
11m (31%) 
511 

~~(~%) 

$35 (91%) 
379 

No (Lv%) 
21.3% 
g’“’ 

P-O,006 
P=O.@28 
P=O.Oa 

13f50 (26%) 
46.8% 
l/9 (11%) 
208 
P<O.Ool 
P=O.@90 
P=O.O116 

41/50 (82%) 
100.0% 
9/9 (10056) 
399 
P<O.OOl 
P-O.079 
P =0.&m 

43/50 (86%) 
95.3% 
719 (78%) 
2a3 
P<O.OQl 
P<O.OOl 
P<O.oOl 

49150 (98%) 
100.0% 
9/v (NV%) 
208 
P<O,OOl 
P=0.001 
P=O.181 

15BO (30%) 
Low% 
1n (NV%) 
217 
PCO.ovl 
P=U.o79 
P-O.fmS 

41/50 @2%) 
loo*v?$ 
vf w0f-v 
326 
PCO.001 
PHw71 
P+hW2N 

sor”50 (lo@%) 
fvo.v% 
m (100%) 
217 
P<#.@Of 
Pc0.001 
P amO1 

~ wm 
lov.v% 
lfl (1vQ%) 
2l7 
P<O.Oa 
P=a.170 
PMm59 

P=O.Oll 
P*0.035 
P*O.247 

z‘wo (48%) 
72.1% 
223 WFJ 
16% 
PCV.001 
P=0.&37 
PduIOl 

wo PJW 
tq.Q% 
s/s (10056) 
327 
P=i10.@31 
P ipiM29 
P&O83N 

49150 (98%) 
l@W% 
s/s (100%) 
169 
P4Q.ovl 
P ZO.001 
P<O.oOl 

49tsQ p8%) 
fW*Q% 
s/s (100%) 
169 
?~Q.~l 
P=i?.261 
P4ao.181 

2430 (4%) 
15.6% 
on 
364 
P=O.O36 
Pm0337 
P=O.247 

3.mo (7oq 
91.2% 
OIID 
159 
PCO.Wl 
P=O.291 
P<0.001 

?a50 (44%) 
100.0% 
O/Q 
306 
P<O.ool 
P=O.2w 
Pc0.001N 

4960 (98%) 
lt?O.O% 
Or0 
159 
P<O.ool 
P=O.W 
P co.001 

4960 (98%) 
100.0% 
O/D 
159 
P<O.oOl 
P-O.470 
P=O.lSl 
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TABLE C3a 

Number of neoplasm-bearing anima&/number of auimalrr examined. Denominator is nlnmbep of animals qamined micrtwopicaily for adrenal # 
bone marrw, brain, epididymis, galtbladder, heart, kkizte!y, kqmx, liir, lung, nase, @ psrathyraid g&nd, pituitary gland, pqutiai gland, 

b 
prwtate gland, salivary gland, spleen, testes, thyroid gland, and winary bladder; for at& tissgea, denominrrtor is number of animala necco@& 

i 
Kaplan-Meier estimated neoplasm in&ence at the end of thtistudy after arhjustment far intercutif mciriality 
Observed incidence at terminal kill 
Beneath the dosed grwp incidence are thh P vatues cor@apcmding to p&wise marpeariscrtls between the rrbnti and that doad group ‘l&e I 
table analysis rega& awplasms in animals dying prior to terminal kill as being (ditactly oi ~~~),tb~, ~a=- of death. The k@tic w 
test regards these lesions as nonfatal. The F%bcr ew~t test c3ooapares ditty the,ovemit iadd- ratas. For all teat% a negative trrmd or a la 

’ 
incidence in a dose grwp is indicated by N. 
Not applicable: no nwplasms in animal @up 



2(49(4%) 
235% 
lfi (2fJm 
567 
b-a.149 
P=a.i82 
P-e269 

Boame Marrowt Mast Cdl Tmmx NOS 
oveall rate 
.+d+sted rate 
Teznnmai me 
Fm: mcidcnce (days) 
‘sffz tabk test 

360 (6%) 
15.6% 
o/9 (0%) 
555 

0148 (a%) 
0.0% 
o/s (0%) 

P=O.Z16N 
P=O.l?SN 
P=OXWN 

Baaun: MdignantGihm 
ovexaurate 
.qlmled rate 
rexmud rate 
Fm: uxidene (days) 
‘Life table test 
L.optic rgresion test 
%iuer ma test * 

o/50 (rn) 
0.0% 
049 (=I 

USO(4%) 
126% 
of5 WV 
553 
P=O.l92 
P=OS87 
P=a.z47 

~raun: MaBgnant NemuMas~ 
Gvcxall rate 
.M&usted rate 
Yd rate 
i=br tncidcnce (days) 
;fe taMe test 
;J~UC regmsbn test 
3kr aaa test 

ofsa~o9b) 
0.046 
O @  ww 

250(4%) 
7.6% 
o/5 (0%) 
342 
P=0.178 
P-O.283 
P=O.247 

IZamieritutG1pnd: Adbmma 
ow%lalltate 
Ad@wed late 
TzkxmnA rate 
F-us: incidence (clays) 
-2fe rabk test 
L.agwic regrcsJion test 
F%tter maa test 

26450 (SZ%~ 
87.9% 
6/9(67%) 
4.44) 

2otio (40%) 
94.3% 
4/s (80%) 
410 
Peasi 
P=a.m 
P=O.l58N 
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TABLE C3b 
Statistical Anallysits of primary Neopksms in’ Male Mice Sa the f$tsp 

owl-au rate 
Adjusted rate 
Teminal rate 
First incidence (days) 
Life table test 
Logistic regression teat 
Fsher exact test 

us0 (4%) 
5.6% 
@ I9 ww 
510 

P=O.206 
P=O.ZSl 
P=O.339 

Harder&t Gland: Adenoma or Cwcinoma 
Overall rate 
Adjusted rate 
Terminal rate 
Fmt incidence (day+) 
Life table test 
L.ogistic tt?gmsion test 
Fisher exau test 

27m (54%) 
88.3% 
69 (67%) 
449 

23/50 (46%) 
100.0% 
5/s (100%) 
410 
P=O.XM 
P-0284 
P=Q.274N 

Heart: Hemaq@awama 
overall rate 
Adjusted rate 
Terminal rate 
First incidence (days;) 
Life table teat 
Logistic ngression test 
Fi%hcr exact teat 

wso pa%) 
1662% 
St9 (56%) 
330 

7/50 (14%) 
61.8% 

P50.174N 
P=O.WN 

Kidney (Renal Tubule): Asknoraa 
Overall rate 
Adjusted rate 
Terminal rate 
First inciti (days) 
Life table teat 
z;c-T e#t 

516 

us0 (2%) 
14.3% 

P=O.29ON 
P=O249N 
P*O.l68N 

Liver: Hettumgioaareoma 
Overall me 
Adjusted fate 
Terminal rate 
Fmt incidaKz (days) 
Life table test 
Logistic tegrt?sion test 
Fisher cmct test 

2/49 (4%) 
10.7% 
o/5 (a%) 

P-O.169 
PQ+O.192 
I-o.247 



14149 (29%) 
503% 
l/Y (11%) 
407 

949 (67%) 
93.4% 
7/9 (78%) 
399 

24tso (48%) 
94.3% 
y&t=w 

iv149 (55%) 
91.1% 
719 (78%) 
399 

19J49 (39%) 
Pl.#% 
4/5 @ m  
471 
P-O.487 
P-Os4N 
P=O.ORN 

x4/49 (29%) 

E&, 
520 
Pn0.176 
P4a46 
P =O.S88N 

2449 (49%) 
94.4% 
4/s (80%) 
471 
P=O.427 
P=0.561N 
P =O.OSON 

17/50 (34%) 
853% 
315 (+sQ%) 
327 
PpO.478 
Pd.419N 
P=O.SlIN 

2zsO(44%) 
893% 
7A (78%) 
481 

18/50 (36%) 
87.7% 
3fi ww 
370 
P=O.265 
PmO.419 
P=O.27ON 



Lung: Ahreolar/bmueb&lar Adworn Arl~tinomn, or cord- 
Overall rate 
Adjusted rate 

-mw 
lOM% 

Terminal rate g/9 (~~) 
Fmt lJlc&nw (day%) 399 
Life table test 
Logistic t?zgmbl test 
Fisher eract test 

Meseeteryt Hetnqioms 
ChetaU rate 
Adjusted sate 
Terminal sate 
Fvst incidence (days) 
Life tabk test 
Logistic rrgressioa test 
Fisher met tw 

@so (4%) 

icyzY?6) 
?,Jggr) 
Pd)&lS 
P=O.@2N 
P=OeSOON 

Preputial Glati Cardn~ 
chmau r+te 
Adjusted rate 
Terminal me 
Fit incidence @Jays) 
Life table test 

520 
P=O.llS 
P=OS23 
P=O.138 

PrepuuPl ,Gla& Adenoma or Carchotna 
overall rate 
Adjusted me 
Terminal me 
*Finst incidence (days) 
Life table test 
Logistic l tgmeho tat 
F&m Q[IIcL tat 

mo (lo%] 
2?4.9% 
g(o$6) 

P=O.o54 
P =o.os 
P-O.070 

Stoma& (F+orestom8cJ~): Squamous call ~pil i~m~ 
overall rate 
Adjusted mte 
Terminal rate 
Fmt in- (days) 
Lifetabktest 
Logistic rqnmim test 
FiShCTaacttCSt 

w50 (6%) 
21.4% 
1A (11%) 
584 

4lso (8%) 
2a3% 
lfi (-1 
327 
P=O.284 
P=O.433 
P=OJoo 
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**tmt~cb (Forestoma&): Sqaamo~ bell P~pillama Of SqQW@m W Chcbm~ 
lkFrnJ1 rate 3/50 (6%) 
htlptsted rate 21.4% 
1 r8 mm1 rate l/9 (11%) 
tlrrt mcid~cc (days) 584 
Itic table test 
lr*btic regression teat 
llrhcr czact teat 

Ibytid Ghd (E’ollic&w Cell): Adenbma 
trvrrall rate 2l48 (4%) 
Ad)usted rate 15.3% 
Ierminal mte 119 (11%) 
t?nt incidence (days) 650 
I .ilc table test 
1 &tic -ion test 
twer cwct test 

ZymWs Gbdt Ckcm 
( hwall rate l/so (2%) 
Adjualed rate 4.6% 
‘1 crminal fate Ofi (~1 
Ikut incidence (days) 650 
1Afc labktest 
lugiafk rrgresgion teal 
1:whe.r aact test 

All Organs Hemengiolmr 
overalt tale 4/50 (8%) 
Adjualed rate 
‘li!nninaf rate F&l 
msl incidence (days) 595 
I ..ifc table tat 
rngiatic lt?gredoIl test 
Fiiha uaet teat 

7/B (14%) 
56.6% 
ZJs Fw 
327 
P-O*045 
P4.099 
P=O,lS9 

z/SO (4%) 

z-yk%) 
mm 
P=Q.471 
Pr0.549 
P=O.676N 

250 (4%) 
8.8% 
ofi Pm 
506 
P=O.369 
P=-0.440 
P=O.sM 

4/SO (8%) 
51.1% 
us wm 
595 
P=O370 
P=O.436 
P=O.643N 



le Mi 
ppm 

Ail organst Hernl8~n 
ovemurate 
Adjusted rate 
Terminal rate 
Fugt ittdetm (day) 
Life taMc teat 
bgaic regmmion l&St 
Fmher emet teal 

All oqpns: Hemn5gioma or Her88ogios8roonrn 
OveraulaIe 
Adjusted rate 
Teaminal dte 
First incidenoe (days) 
Life table test 
Logistic regression test 
Fisher uact teat 

afso (40%) 
85.1% 
Sp (67%) 
330 

14/s P-1 
04.3% 
3&W-l 

PmO.471 
P=O.S3lN 
P=O.MN 

All oqpmst Lympboeyrfc MoUgaaat Lym 
Overall rate 6/50 flZ%) 
Adjwtcd rate 26.7% 
Terminal rate l/9 (11%) 
First hidenee (days] 208 
Life table teat 
Logistic regression teat 
F&a aact teat 

All oqpnsi nfld@mnt Lympboma (lmxed er NW) 
overall rate vo (4%) 
Adjusted rate 7.8% 
Terminai rate OrfJ Pw 
Fmt incidence (days) 514 
Ufetabklest 
L4Bgistie legmsion test 
Fisher aaci tat 

AU Organs Malignant Lymphonto fiymphocybk; Miw4.0r NfO 
overall rate u/so (16%) 
Adjwted rate 324% 
Teminal rate 1A (11%) 
First ineidemx (days) 206 
Life table test 
Lo&tic fegmskm test 
Fisher exact test 
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- -- 

~~~) 
62s ppm 

(13 mcLa) 

13/50(26%) 
46.8% 
lB(ll%) 
208 

41m(82%) 
100.0% 
9/9(x@%) 
399 

43/50(86%) 
953% 
lb (78%) 
208 

49/50(9a%) 
m?.o% 
9/Y (100%) 
208 

=@<4%) 
213946 
16 ww 
692 
P-0.4ISN 
P=O347N 
P=&ZXSN 

2450 (48%) 
72.1% 
25 (@%I 
169 
P=0&07 
Pdk297 
P=O.@I9 

34f50 (68%) 
100.0% 
Si5(lOu%) 
327 
P*0.191 
P=O.119 
P=O.O83N 

49/50 (98%) 
lW.o% 
s/s (100%) 
169 
P =O.OlO 
P=O*ou) 
P-O.030 

49/50 (98%) 
100.0% 
5f.5 (I-1 
169 
P=o.wO 
P*O.!aJ 
P-0.7S3N 



-Number of neoplasm-bcarjq tmiqal&mber of is Mllolber 0f-a~~~ e?xmaed minoscopically for adrenal 
parstiyroid 

table analysis regards nmpia6ma in animals 
test regards tbeae leaiona 80 wnfatal. no 
incideskcz in a dotu group kr indicaicd by N. 
Not applicabk no neon in ar$ma’ group 



. . Buaknan Gkrpd: car&mm 
3w!uli. rate 
.+d+aa rate 
Tztnnma~ rate 
??sz inuuieua (clap) 
2fe tam&s test 
kgtttz regressiou test 
T.=ibp2eme3te&t 

2450 (4%) 
51.5% 
ofl WV 
441 

o/50 (0%) 
0.0% 
On, 
-= 
P dMii3N 
P=OJOrn 
P=a247N 

F ’ ’ GlamkAdcRlKwrror~om(l 
cwtittl. me 
.w rate 
‘Tentmual rate 
Snt mddetia (days) 
2fetatmctest 
j?lkuc:tegrusiotttat 
.3m zxmd tut 

3oJ50 t-1 
100.0% 
l/l (la.t%) 
344 

x3/50 (26%) 
100.0% 
O/o 
306 
P=O.o6a 
P=0.404N 
P<O.OOlN 

3artz He~reoma 
3ti. me 
+djuctm rate 
Ycznmaai rate 
3s mcadena (days) 
xc tamte test 
Lqstlc t7cgmsiou tut 
3&r sact tect 

33/S@ (66%) 
100.0% 
l/l (100%) 
328 

13150 (26%) 
100.0% 
OrD 
306 
P =o.o32N 
P=O.O21N 
P<O.tWlN 

- (Renai Tubukjt 
2verall. me 
+Aljwal rate 
2tmumi rate 
?bt uxdeua (days) 
2felatDietut 
-Lsa&ttc~tut 
3berz5ett&5t 

3149 (6%) 
27.8% 
ofl Pw 
539r 

l/SO (2%) 
63% 
Of% 
4443 
P=O.6.55 
P=0.627N 
P=03OlN 



TABLE C3c 
statistiall Awdysis of nifimuuy: 
312 ppm (52.Week) Exptmre G 

Llvert Hepetoeellabtr &a@lmme 
ovemu rate 
Adjusted me 
Terminal rate 
first inddmoe (days) 
Life table test 
Logistic t-egmkim teat 
Fiir aad test 

~~~~) 

Oti 
313 
pro.017 
Pa0395 
PdkO63N 

Liven Hepatocdlular CnrdMwa 
over311 rate 
Adjusted rate 
Terminal rate 
Fltat incidence (drays) 
Life t&e teat 
Logistic regression test 
Fisher aact test 

4/50 (8%) 
50.5% 
010 
483 
P=Osza 
P=O.WN 
P4.074N 

Uver: Hepatoedlular Me- or cprdaoole 
clvemutate 
Adjusted rate 
Terminal rate 
Finrt incidence (days) 
Life table teat 
Logistic rrgrrssion teat 
Eiher exact test 

24/50 (48%) 
100.0% 
l/l po%) 
326 

13/50 (26%) 
low% 
OID 
313 
PdW23 
P=O.S36 
P=O.OlPN 

Liver: Hepatoeetinlor Hepe*tonm or Co 
Overall rate 31#0 (22%) 4fio (8%) 
Adjusted rate 77.1% 50.5% 
Terminal rate @g@W OED 
First incidence (days) 483 
Life table test Pd354 
Logiaticregrc4hteet P=O.4&a 
i?lshev aact test P=O.WN 

Liver: Hepatoblastoma, HepatweWar Meoormrr, or Cardnoqta 
Owail rate 2950 (50%) 13/50 (26%) 
Adjuatd mte 100.0% 100.0% 
Terminal rate 1n (wO-%) Of9 
Fiit incidence (days) 324 313 
Life table tat P=O.O26 
Logktii tvgfeEsion teat P=O.sO 
Fisher asct test PdAOltN 



pl&oos in S&Q-ExPusuue Iuhaiatlou Study Male Mice 8 
& 

5: hcutistical Analysis M Primary Ne~plasms in- Ma 
,: -1 I? ppm (52.Week) Ebqosure Group +ersus 625 

Stady of 1,34Intudiene: 

i- 

I wag: Alvisderibronchiolar Adeuoma 
ihrerall rate 
wped me 
‘f mninal rate 
I-3nt incidence (days) 
IUc table test 
1 r&c regression test 
twler aaet test 

bay: Alveolar/bronchiular Adenocarcinoma or Carcinoma 
Owalt rate 
Mjustfxi rate 
Trrminal rate 
&at incidence (days) 
MC table test 
@istic regression test 
fbher aact test 

lwng: Alveolar/bronchiolar Adenoma, Adeuocerclnoma, or tir~i 
Cha-all rate 
ktJUStedl-& 

Terminal rate 
I+mt incidence (days) 
IAIe table test 
Logistic regression test 
fWer act test 

RcputIal Gland: Carcinoma 
OvaaLl rate 
Adjusted rate 
Terminal rate 
hst incidence (days) 
I jfe table test 
lagistic regression test 
Fisher exact test 

Stomach (Forestom ach): Squamous Cell. Papilloma 
overall rate 
Adjusted rate 
Tcnninat rate 
Fust incidence (days) 
life table test 
Lngistic t-egmdn test 
Fibber ataet test 

26f50 (52%) 
100.0% 
l/l (100%) 
344 

wso (24%) 
100.0% 
On, 
3558 
P=0.062 
P=O*4s?N 
P=WO4N 

w50 (32%) 
lW.O% 
l/-l (1Ow) 
392 

11/50 (22%) 
100.0% 
WJ 
241 
P=O.OOS 
P-0.124 
P=O.WN 

IlQIino 
3260 (@%) 
100.0% 
1n (100%) 
344 

17/50 (34%) 
100.0% 
om 
241 
PmO.013 
P=O.s70 
P=O.O02M 

4/50 (8%) 
100.0% 
1n p%) 
639 

4KO (8%) 
ltlO.O% 
In (lo@%) 
401 

3mJ w@ 
lOO.V% 
ON 
539 
P=O.O03 
P=O.O18 
P=OXllN 

450 @%) 
20.1% 
OIO 
359 
P=O.Ow 
P=O.440 
P=O.643N 

w PPEB 
($2 weeks) 



l,3-Buta&ene, N?? 

Stomach fForestoma&): Sqramous Cell Corcinome 
Overali rate 
Adjusted rate 
Terminal rate 
Fttst incidence (days) 
Life t&k test 
Lagistk regsposion test 
F&er exact teat 

6/m (12%) 
409% 
o/o 
288 
P=o.olS 
P=OaI 
P-O.!W 

Stomach (I?wmach)t Sqt$mons Cd ~ap~l~rn~ or !Squamous tit1 C3yeZmuas 
Overall rate 9/m p%) 
Adjusted rate 100.0% 
Temhal rate 
First incidence (days) 401 
Life table test 
Logistic regresion test 
FMer exact test 

ma (20%) 
szs9b 
O/o 
288 
P==O.#3 
P=0.188 
P=O”SOO 

Zymbal’s Gland: Carcinoma 
OveraU rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
life table test 
Logistic repsion test 
Far exact tar 

Al1 Organs HemenglosPrcoma 
Overall fate 
Adjusted rate 
Terminal rate 
Fast incidence {days) 
Life table test 
Logistk regression test 
Fisher aaet test 

Al1 Orgamt HemattgIoma or Hemangioaurcolpaa 
Overall rate 
Adjusted rate 
Terminal rate 
Fmt incidence (days) 
Life table test 
hgistk aqreasicwn test 
Fe t?ltact test 

34150 (68%) 
100.0% 
l/l (Zoo%) 
328 

3450 (68%) 
100.0% 
1n (lw%j 
328 

250 (4%) 
37.3% 
o/Q 
4W 
P=O&4 
P*O.tK7 
P=0‘247 

1450 (28%) 
100.0% 

iti 
P=O.190 
P=O.O53N 
PCO.twN 

14#0 (28%) 
100.0% 
O/O 
306 
P=O.190 
P=O.os3~ 
P<O.OOlN 



al orqarns: Malignant Lymplloma @axed or NOS) 
akml rate 
.bijuuem rate 
7-l rate 
%t llmadettce (days) 
;Ze tame test 
Zz@ux regmsion test 
3shcr 98ct test 

4/50 (8%) 
sq% 
ofl cm 
217 

.-sll Otqzanst Malignant Lymphonta (Ly~~pboeytic, Mbted, ac NOS) 
Zveml rate 
.-idjuslgd rate 
Tarmarl rate 
3s umdettce (days) 
L;fe tamic test 
2@sttc rcgresion test 
?-skr ~zxact test 

4Jl Onypmst Hlstiocytic Sarcoma 
krati rate 
.bijusum rate 
T=rrmn;ul tate 
3% lruadence (days) 
‘life tatme test 
L.agmcz regression te5t 
zdle!r ‘3LBct test 

AU orrgnns: Maliit Lymphoma and Hir;tiocy#c Sarcoma 
3emil. me 
.3djnstai rate 
7-i rate 
?-ii llwidettce (days) 
IifeciKdetest 
L.&SUE regtrssion tfst 
slier exact test 

WI (16%) 
lOQ.O% 
l/l (100%) 
217 

7/50 (14%) 
43.0% 
oflwv 
314 

15/50 (30%) 
lOW% 
1n (HI@%) 
217 

3om (60%) 
811.5% 
010 
159 
P<O.ool 
Pc0.001 
Pc0.001 

3150 (6%) 
43.3% 
OIO 
251 
P=O.244 
P30.613 
P=0,5ooN 

3360 (66%) 
89.5% 
OiV 
159 
P<O.Om 
P=O.t?m 
P<O.OOl 

2760 (4%) 
15.6% 
Of0 
364 
P=OAlON 
P=O.l6ON 
P =O.@ON 

x5/50 (70%) 
91.2% 
010 
159 
P<0.001 
P ==0.033 
P<O.Ool 



All Organs: Benign NeopLuans 
chera~l rate 
Adjusted rate 
Terminal rate 
Fit incidence (days) 
Life table test 
Logistic regressiolk test 
Fiiher exlld test 

2m (44%) 
100.0% 
OA) 
306 
P=O.O12 
P=O&3N 
P<O.oolN 

All Organs Mmkignant Neopbsnk 
owral~ rate 
Adjusted tate 
Terminal rate 
First incidence (days) 
Life table test 
Logistic regresim teat 
Fisher exact teat 

so/50 (100%) 
100.0% 
l/l (100%) 
217 

49140 (98%) 
100.0?6 
Olp 
159 
PeO.001 
P =0*62&N 
P=O.SOON 

Ml Organs: Be&n or Malignant ‘Neoplasms 
Overall rate 
Adjusted rate 
Terminal rate 
Fit incidence (days) 
Life table teat 
Lagistic l-egmam tart 
Fiiher aact teat 

5ofio (1W) 
100&% 
ltl (!owg 
217 

49/50 (98%) 
100.0% 
Of9 
159 
P <0.QO1 
P=O.626N 
P=O.SOON 

a Numbet of neoplasm-buuing aa@mals/number of auinukls exembu!d.~dmtw is nm@ of ~~rn$~ @samined mictx~@caily fat adret& gland, .’ 
bone maw, brain, epWiymis, gallbladder, ~rynx,fiva,l~g#~yur gknd, p~tuiwv I&W prrprtlal gland, 

t 
b 

pmtate gland, lmihuy j$bld spkm teotc9, and urinary tiwfor other 
ktetwtrkent 

tor is muuber of auilnak ,MQopli6d. 
KqlfipMe& estimated oeopiaun it$de~ the study after adj%st%nent for mo4ity 

9 Ob3ewalincideoceattkiU 
Beneath the dowd goup iarbkaee are the P Wua; cgqqmnding to pmisons between the controls and that dosed group lY@ife 
table analysii regamis wopiaruar in mdmals dying prior to terminal id1 (ditndtly or indizwt@) the cause of death. T?ie tog&tic tegtw&t 
teat regpds these lesions ia nonfatall The Fisher fixact teat cxunparea direct& the-e incidence rate% For all tests, a negatiye ttutd or a Iower- 
incidence in a dew group is indicated by N. 

e Not applicabk; 8xo neop&ma in aninud group 



I”otal l/571 (0.2%) 
3iandard dewmon 0.3% 
iarige 0%-l% 

0149 
om 
Of50 
0150 
0149 

01571 (0.0%) l/571 (0.2%) 
03% 

0%-l% 

; lmaasof3‘4@19!91 
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TABLE CS 
Summary of the Inddence of N@nneopk~tk bSiOSe in &We Mb b *e slop, 
of l&Butadienea 

Animals initialiy in 

Moribund 
Natural deaths 

sulvivols 
Terminal saaifa 

Anhnals examined mictosoopically 

9 

Alimentary System 
Gailbladder 

Hyperphsia 
Intestine large, colon 

NtXK?5iS 
Intestine smail, duodemnm 

Hemorrhage 
Intestine small, ileum 

Aaglectasis 
Pyds patch, hyperplnsia 

Intestine small, jejunum 
Hemorrhage 
Peyer’s patch, hyperpiarsia 
Peye19 patch, necrok 

Liver 
Angiectasis 
Basophilic focus 
clear cell focus 
Degeneration, fatty 
Eosino@ilic focus 
Hematopoietic cell prorireration 

Inflammation, chronic 
Mlammation, granulomatow focal 
MhIedc!&focus 
Neaosis 
-IlirQmbosis 
Biliwy tract, cyst 
Biliazy tract, hyperplasia 
Biliaq tract, hypertloerhy 
Cenlrildbalar, degeneration, fatty 
Centrilobular, nd 

Meaentely 
Fat, angkctasii 
Fat, hemorrhage 
Fat, inflammatiort, chponic 
Fat, necxwis 

(42) 

w 

l(2W 

2 (4%) 
3 05%) 
9 m%) 

1 (z%) 



. 
I?uiocrfoeSpsttm 
rrbrlrenaldand,=- 

rkcal ccuuiaccbangc 
Hcmatocyst 
Hcmatopoktic cell pcoMcmtion 

G 
iidrcnal gland, medulla 

Heowpktic cdl prdifcmion 
-7 pa-=* 

Qtoplasmic alteration 
Hyperpthssa 

Parathymid gland 
CVrt 



TABLECS 
SUIUmprgOftbeIaddeacE 
d&3-Butadiene(coatioped) 

Endocriue SylDtenr r(mtInued) 
Pituitary gIand 

Parpdi5taI&cJnt 
Pandista&-gc 
ParSdiMil&byperplasia 

y”“” 
H=onhage 
IIlfblBltUtiOO 
FoIIicuIar c&I, hypcrphii 

General Body System 
None 



system (comtinucd) 

lafbmmation 

fBc#wbn lymphoii . kmmpo&c cell pmlifemtion 
‘Mamhage 
SlymPhoid 

~Tvmnnbosis 

llbmlationcculdar,mixcdccli 
l8lfhmsw suppuratiw 
Nawir - . kitawtmam.nccrosis 

5 (12%) 
(42) 

1(256) 
9 (21%) 

PI 

X(3%) 

: gi] 
(44) 

7 (16%) 
2 @sa) 
5 (11%) 
3 (7%) 

(49 

12 G-4 

1(2W 
(41) 

cpl6pithdial inclusion 
lafhmatlonychronic 
Ha& follkkb atrophy 
Prqmcq inflammtion, suppurativc 
-&‘-4hyprrplaria 
Smbcam tissue angicctmis 
SIlbartaMwnrr tissue, cduna 
Sabcattanaws tlssut, hemorrhage 



YcRouB sysrtcm &am 
:EZemorrhage 
Imflammation, chronic 
~kiineralitioll 
.uteaTx?is 
?igmentation, hemckderin 

c-w (50) (56 (50) 
4 (8% 6 (12%) 2 (4%) 3 (6%) 
1 (2%) 

1s (30%) 9 (18%) 12 (24%) 6 (12%) 
* (2%) 2 (4%) 
lG%) 

plgDirotorysystem 
Lanvm 

‘Mlammation, suppm-zttive 
.5+4etapiasi, SquaJnous 

L;mq: 
Ai.lgiwis 
:Ziexmdage 
~ZQperplasia, lymphoid 
hn0ammation, chtotti~ focal 
--dog, coca& cilrwic 
Zmfiammation, suppmative 
Tiimbo6is 
dtvedar epithekm, hypqbia 
xveoIus, infiltration c&Mar, histicqte 
.~lmalus, pigmentatiolll, betnosidenn 
3nonchiole, epithelium, &perpIasa 
?kum, inflammation &tonic 

?+se 
~kdiammation, wppwative 
Yrardacrid duct, ’ Ation. 

SUppUWiVC 

Yezrve,hype@asii 
CH&ctory epithelium, atrophy 
3upimtoty epitheliurtb metapiasia. 

4uamous 
2tcxlea 

*kIlflammation, suppurasive 

2 (4%) 

18 (36%) 
18 (36%) 

1(2%) 
(49) 

14 1=> 

6 (12%) 

(477 
20 (43%) 

(491 
l@W 

w-9 

7 (14%) 

1 G=6) 

14 (28%) 
12 (zg%s) 
1 WV 
1 @%I 

(49) 
9 (14%) 

8 (16%) 

2 (4%) 

1 w54 
(47) 

12 (26%) 

15 f?@w 
9’118%) 
1 Gw 

10 @w 

2 VW 
2 (4%) 
1Gw 

11(22%) 
3 (6%) 

1(2%) 
(SO) 

1 (2%) 

1(2%) 

1 Gw 

(W 
7 (15%) 

SW senseasystem 
Epz (11 (4) (4) (3) 

Zfegenetation 1 /=w 
amea,hyperplasia 1 I=m 
Zsrneis, inflammation. chronic 2 (5046) 2 FS@w 



urispprg system 
==!J 

cpst 
.Xrzttatopoietic ceil pm&ration 
:&SllOdS3ge 
3marct 
Imlilttation cellular. hidocyte 
-kiaammation, suppurative 
sketaplasia, osseous 
-+UWhY 
?@mttation, hemmidetk 
%mrulc, angiecmis 
cI.xpsule, iaRammation, chronic 
Final tubule, hyperpiasia 
Tbsutl tubule, ininedmtion 

UrLplary bladder 
zmatation 

lion 

Trtansitiotml epitheiiw hyperplasia 

(499 
1 I=) 

1 (2%) 
1(2%9 

4 (8%) 

1 :tiumber of animals examined microwopicaUy at site and number of anim& with. lesion 

WI 

1 Fw 
2 (4%) 
1Gm 

2 (4%) 

(48) 



r 
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GENETIC TOXIC0 

l,3-Butadieae, NTF TR 434 

Smomu DESICCATOR PR~T@XIL 
A modification of the technique reported by Geiger (1990) was 1 the bacteria to gaseous 
1,Obutadiene. Details of the Salmo~lla gas exponwe protocol Diger et al. (1992). 
1,3-Butadiene was sent to the laboratory asa, coded aliquot from Radian Corporation 
minimal glucose agar plates Keith the SaImm.da ryphimurium tester strains 

(Austin, TX). The 
, TAS, TAlOO, and 

TA1535) either alone or with S9 mix (metabolic activation enzyme$ and co from Aroclor 
1254induced male Sprague-Dawley Fat or Syrian hamster liver) were #kd, witbout lids, in giass 
desiccator jars. All plates ewsed to a particular concentmtion o~,b~~die~e~ both with and without S9, 
were treated simultaneously in the same des&xator. The $&xators +xe then sealed and partially 
evacuated ‘to allow the addition of the gas/air mixture. 1,3-Butadiene was ~u~b~t~ with air and 
introduced through valves into the sealed desiccators, The desi&tors were in~ba&~ at 37 C for 
48 hours. Each trial consisted of triplicate plates of ‘concurrent positi& and negative controls and of at 
least five doses of l$butadiene. The high dose was limited by toxioity. A positive response in the 
S. zyphimur+um assay is defined as a reproducible, dose-related increase in histi~~~e~i~de~nd~t (revertant) 
coIonies in any one strain/a#vation ~mbi~~tion. An equivocal respcmse is defined as an increase in 
revertants which is not dosekelatsd, not re~~u~ible, or is of i~s~~~e~t ma~~tude to support a 
determination of mutagenicity. A negative response is obtained when no increase in revertant colonies is 
observed foliowing chemical: treatment. 

MOUSELYMPHOMAPRQTOCOL 
The experimental protocol & presented in d@ail by McGregor et al. (1991). 
a coded aliquot by Radian Corpkation. The high dose of l$-butadkne 

I&Butadiene was supplied as 
determined by toxicity. 

Mouse lymphoma L5178Y cells were maintained at 37” C aa sus cultures in‘ Fischer’s medium 
supplemented with 2 mM I-glutamine, 110 bg/rnL sodium pyruvale, O&T% ~~~o~i~ F68, antibiotics, and 
heat-inactivated horse serum; normal, ~cli~~~tirne was about 10 house To r&roe the number of 
spontaneously occurring. trifhtorothymidine ‘(TFT) resistant cells; subcuhures vxere exposed once to 
medium containing THMG (thymidine, h~~nt~ne, methotrexatg, glyciae) for 1 day, to TliG for 1 day, 
and to normal medium for 3 to 5 days. For’cloning,.horse serum content was increased and Noble agar 
was added. Freshly prepared S9 metabolic activation factors were obtained fkom .the livers of either 
Aroclor 12!54-induced or noninduced Fischer 344/N male rats. 

All treatment levels within an experiment, including concurrent positive and solvent controls, were 
replicated. Treated cultures contained 6 x Jo6 cells in a 10 mL volume of This volume included 
the S9 fraction in those experiments performed with metabolic activation.’ were housed in sterile 
plastic tubes closed with a tightly fitted St&a-se&f cap, through which tlse ~~~u~diene/a~ mixture was 
introduced. Tubes were partially evacuated so that internal pressure return to ambient upon 
introduction of the 1,3-butadienekir mixture. Incubation continue for 4hours; during this time, the 
tubes were rotated on a horizonta1 axis roller drum. After the 4-hour jn~ba~~ the cultures were 
transferred to SO mL sterilescrew-cappedtubes where cells w&e and resuspended in 
20 mL of fresh medium and incubated for &I additional 48 hours nt phenotype. Cell 
density was monitored so thk log phase grmh was maint.ained. r the 48-hour expression period, 
3 x 106 cells were plat,& in ,medium and soft agar supplemented with t~~~rot~~ne for selection of 
TPT-resistant cells (TK?), and &JO cells were plated in ~o~~~i~ ~~~~~ and soft agar to determine 
cloning efficiency. Plates were incubated at 37” C in 5% CO, for 12 to 14 days, All data were evaluated 
statistically for both trend and peak response (for detqils, see McGregor et al, B%3). Both responses had 
to be significant (PeO.05) for a chemipl to be ~nsidered capakk of inducing~ TFT resistance, a single 
significant response led to a “qu~ti~nable” conclusion, and the absence of both a trend and a peak 
response resulted in a “negative” call, Minimum criteria for accepting an iment as valid and a 



detailed description of the statistical analysis and data evaJuation.are prints in. r et al. (1985). This 
assay was initially performed without SF, because a clearly positive re+onse was not obtained, the 
experiment ~3 repeated with induced S9. 

DROSOPHILA PROTOCOL 
The assays for induction of gene mutations were performed as des in ~rnme~g et al. (1985). 
1,3-Butadiene was supplied as a coded aJiq ian ~~rati~~. Toxic&y tests were performed to 
set concentrations of 1,3-butadiene at a level 
72 hours of exposure while keeping md~ced s 

d induce app~~~ateJy 30% mortality after 
-an acceptable JeveJ. For, the sex-Iinked recessive 

Iethai (SLRL) mutation test, Canton-S ,maJes (10 to 20 fJies/vJaJ) were to I,3-butadiene vapors for 
72 hours. Exposed males were mated to three &rc females for 3 days fresh females at, 2-&y 
intervals to.produce three matings of 3,2, and 2 days; sample sperm from succe&ve matings were treated 
at successively earlier post-meiotic stages. us.femaJeS were aflow& to mate with their 
siblings then placed in individual vials. F, e same ,parental male were kept together to 
identify clusters. (A cluster occurs when a ts from a given male-result from a single 
spontaneous premeiotic mutation event, and is‘ identified when the number of mutants from that male 
exceeds the number predicted by a Poisson d~s~~~utio~.) If a&rster w& identJ~~, all data from the-male 
in question were d&carded. P&urn lethal mutations were ‘identified as vials containing no wild-type 
males af-ter 17 days; these were ret 

Recessive lethal data were ana@ed by the noraral approximation to the b~n~rn~~ test (Margofin et ni., 
1983). A test resu2t was considered to be positive’if the P v&e was less than QBl and the mutation 
frequency in the tested group &s greater than IO%, or if the P value”~ 1esS rhan &Wand the frequency 
in the treatment group was greater than 15%, A test was ~~ide~~ to< be i~~~cl~~e if (a) the P value 
was between 0.05 and 0.01 but the frequency in the treatment group was between 10% and 15%, or (b) the 
P value was between 0.10 and 0.05 but the frequency in the treatment group was; ter than 10%. A 
result was considered to be negative if the P v&e was greater than-O.10 or if the frequency in the 
treatment group was less than: 10%. 

Details of the protocols for the 2-week exposure studies for fnductkm of ch 
sister chromatid exchanges (SCE), and mi 
E36C3F, mice (12 animals/dose group) were 
625 ppm) for 6 hours per day? exchxding wee 
time = 15 days). One hour before the JinaI dine tabJet was implanted 
subcutaneousJy in each lightly anesthetized mouse (JvfcFee et al,, X983), and 2 hours before sacrifice, the 
mice received an mtraperitoneal (IP) injection of 2 mg/kg colchicme (in saline). 
for micronucJeus anaJysis were prepared at. the time of colcttjcitte injection and @  
below. Mice were l&led 19.5 to 23.5 hours r implan~~io~ of BrUU to ensu 
first- and seconddivision cells for both chromosomal aberrafion and..sister ch~~tid exchange analyses. 
Mice were kiJJed by cervical dislocation; murs “were removed and the marrow was flushed out with 
S mL phosphate-buffered saline @T-f 7,4 1Js were treated with s hypotonic salt somtion, fiied, and 
dropped onto chilled slides. ,Following a 24chour drying permd, the slies werestained by a modified 
(Tice et al., 1987) fluorescence-pJus-Giemsamethod (Goto et $., Z9g2) and scored. Twenty-five second- 
division meraphase cells were scored per animal for SCEs and 50 ~~tdJ~~~ metapbase ceJls were scored 
per animal fbr Abs. Responses were evaJua g+ SCES per”celJ or, for Abs, as the tage of aberrant 
metaphase c.eJJs, excluding gaps. ‘Thti aum f aberrations” per c&J (exclud also analyzed to 
provide information on the extent of individwl cell damage. The-data were one-taihed trcml 
test (MargoJin et al,, 1986). 



346 1$3-BPt&iene, NTP TR 434 

A detailed discussion of this assay, as it was conducted for the 13-week and 15~monrh exposure periods, is 
presented in Choy et al. (X+36). The protocol for the Z-week study is in detail in Tice et &. 
(1987). Peripheral biood samples were obtained from male and female mice at the termination of 
the 2- and 13”week and 15-month studies. Smears were ~~a~eiy,pr~r~~a~ fixed in absolute 
methanol. For the 2-week exposure study, the slider; were stained with a~d~~~ge according to the 
method of Kate (1974), and for the,l3iweek and I!&month stud&$ thu slidea were stained with a 
chromatin-specific fluorescent dye mixture of Hoechst 33~~~o~~ Y (MacCSr 
coded. Slides were scanned to determine, for each animaf per dose group, th 
1,000 polychromatic erythrocytes (PCE) and 1,000 or 10,008 ~o~~~ornatlc 
counts are for the 2-week exposures and the longer exposures, res ively:) In addition, the percent PCE 
among the total erythrocyte‘ population was determind For the k e~~~~, a one-tailed trend teat 
(Margolin et al., 1986) was used to analyze <he PCE and NCE data, aud for the percent PCE data, a. two- 
tailed trend test was used to determine if a t~~tment-rests effect had oecurr@ Pairwise comparisons 
between individual dose groups and the cOneurrent control were conducted using Student’s f-test with a 
Bonferroni correction for m&tip& comparisons. For the 13-week and 15 h studies, the frequency of 
micronuclei per NCE was analyzed by analysis of variance using. the SAS procedure after performing 
a log-transformation of the data and testing for normality by the S~piro-Wilk, te$t (SAS PROC 
UNIVARIATE) and for heterogeneity of variance by Cochran’s test. Indi~du~l contrasts for the NCE 
data involved negative controls versus each dose group and linear treads ~tho~t positive controls. These 
contrasts were evaluated using Student’s t-teq; The Cochran-Armitage trend tffst was used to analyze the 
PCE data. The percent PCE among total erythrocytes was anaiyr+i using a test of variance on ranks 
(classed by sex), and a t-test’on ranks was used to compare’percent PCE -in i~~~d~l dose groups with 
their concurrent negative controls, 

l&Butadiene was mutagenic in S. yphtitim strain TAl535 whentested as a gas in a sealed desiccator 
chamber, with and without Aroclor X254-induced rn~le,Sp~g~-Hawley rat or Syrian hamster liver S9 
(Table Dl). The positive r&ponse observed with TA1535 in the absence of ex?genous metabolic 
activation was unexpected and may, in fact+ be an artifact of the exposure ~rot~I. All plates to be 
exposed to a particular con+ntration of 1,3:butadiene, with or without SP, were housed together in a+ 
single desiccator and treated simujltaheously. Previous investigntions demonstratti that such an 
arrangement produced positive responses in eultures that did not ,cuntain S9~activation enzymes, whereas 
removing the S9-containing plates from the @&cator and treating only those cultures that did not contain 
S9 resulted in no increase in mutations (de Meester et uL, 1980). The induction of mutations in the 
cultures that did not contain S9 was believa to be caused by the formation of a volatile mutagenic 
intermediate in the S9-containing plates that” migrated to the plates without S9; No mutagenic activity was 
detected for l&butadiene in strain TABOO, TA97, or TA98 under the same conditions. 

No mutagenic activity was observed in the mor.tse Iymphoma L5178Y cell assay, with or without Arocior 
1254~induced male Fischer rat liver S9 (T&e D2; McGregor et~ai, 1-991). ‘The maximum dose was 30% in 
air (v/v). One possible factor in the lack of mutagenic activity is the low soiubiiity of l$butadiene in the 
cell culture medium, which may have prevented adequate exposure. I~-Butadi~ne did not induce 8 
significant increase in SLRL mutations in germ c&Is of male 0. ~el~~g~~~ e sed by inhalation to 
360,QOO ppm in air (Table D3). 

Positive results were obtained with I$-butadiene in cytogenetic tests with m~~alia~ calls in viva. 
Significant increases in the frequency of le D4) and SCEs (TMe DS) were observed in bone 
marrow cells of male mice exposed for 2 l&butadiene (6.25 to air). For both tests, 
the trend ana@ses were significant; both and high-dose anit&& eases in SCEs, whiIe 
only the high-dose mice had .elevated levels of chromosomal Abs. In addition, celI qcle time was 
significantly lengthened as doses of l&butadiene were increased, as indicated by the average generation- 
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uxx3se in micronu 
crythropoiesis was i 

induced by I&butadiene. The fiequenties of m&roWAe&ed P 
peripheral blood samples of ma& and female n@e exposed for 13 we&&s 
(Table D8) to 6.25 to 625 ppm I,3 
sex. Also, the percent of PC33 &I 
two highest concentrations tested, w 

ne marrow) toxicity 

or 15 months 

the 



strain Jhe +3o%rats9 
c[mdeslliter) 

TAlWJ o.Wo 82-i 2.4 
0.014 &3* 8.5 
0*0&l 79 * 5.0 
0.026 79& 4.3 
0,030 n f 6.9 
0.033 66 f 10.8 

1099.clz2 
109’t 5.0 
11s * 63 
78 rt 4.7 
8# t r4L2 

114 i. 9s 

101 * 113 
120*X2.6 
72k3.8 
82a 3s 

107t 9.0 
106t is.2 

Trial anmnaxy 
Positive convolc 

Nsative 
844 f 25.7 

rive 
3Fl + 13.5 477f I.!5 

TA97 o.otm 163 Y 15.8 
0.002 11s * 4.7 
0.007 152 ‘c 53 
0.014 172 f 3.4 
0.020 128* sa 
O”O30 99s: 5.7 

188zJz 4.8 
17.5 * 5.4 
194% 4.8 
162 * 4.1 
154 f 3.7 
165 t 4.9 

163 * 62 
216 z+i 7.8 
axlf2.6 
216 t 9.9 
lSSt123 
197% 9.5 

Txiai summary 
PC&w aMktto1 

Negtltive 
460 f 19.2 

FiCpiwcal 

489akl2.2 

TA!& 0.000 
0.004 
om7 
tuo9 
0.014 
0.020 
0.026 
0.030 
0.033 

12c!z 2.0 111: 15 
15 f 3‘7 
13 f 3*7 

9f 15 
11 f 1.0 

9 f 0.9 

11 *: 1,.5 22t 2.3 23 Y 3.9 
23+ 2.0 
14Y.2.7 
17rt 2.0 
19* 20 
13* 2.4 

1Of 13 1s * 0.9 
t2* 0.3 13 f 1.0 

924 1.7 9* 1.8 
10 * 15 8z?z 18 

8% 1.8 13 t 1.0 

ii* 1.5 
7f i.0 
6f 15 
3* 15 
4* 0.3 

NW* 
419 * 8.4 

Negative 
240 f 9.9 

NtptiVC 
183 f 15.1 

Trial summary 
Positive control 
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Stnsin lbt -s!J -440% iurmater.s9 +3o%rats9 
(mokditer) Trial 1 Trial 2 Trial I TTiillZ Trw 1 Trial2 

TA1535 0.000 
Q.QQ2 
0.007 
0.014 
0.020 
0.030 

Trial summary 
Positive control 

11t2.1 llzt 2.0 
49 * 3.1 95 * 4.3 
84 f 8.7 125 * 8.1 

108 f 1.2 171 f 13.2 
113 f 26 148 f 9.9 
117 f 6.4 115 f 1.5 

Positive 
189 f 11.0 

Posit&t 
358 z!E 14.5 

IS f 3.7 22 t 0.7 12 f 1.8 as* 3.2 
82 f 8.1 .I42 t 10.5 TQ ?i: 93 94* 33 

116 zk 4.0 152 f 13.4 IXZP: ft.8 149 f 15.9 
165 f 5.6 224 f 4.4 lg4 5 6.0 189 * 13.9 
180 + 4.7 r-221 + 9.7 171 -c 8.7 
176 ~~5.2 226 t 11.0 152 * 15 

PoSWe 
95 f 6.9 

Positive 
123+25.5 

Study performed at MicrobiologicaMssociatix A dcjaikkl description of the proto& is presented In Zeiger a al. (1992). Cells 
and 1,3-butadienc or merit (air) wcrc icicubatcd in the:absence of ~eno~me~~I~o,~t~ar~n i-$9) or with Aroclor 
1254~indutxd S9 from male Syr& hamster liver or mak Sprague-Rawly rat @cr. Hi&t dose was kited by toxicity; 0 mo&L dose 
is the wntro~ (air). 
Revertants are presented as mean $ statydard error from three platea 
Z-aminoanthracene was used on all strains in the p of S9. In the absence of ~bok activation, 
4-nitroo-pbenylencdiamine m tested on TA98, sod& aaide was tested on ‘fAlQQand T&?IS, aad 9-aminoacridmt was tested 
on TA97. 



TABLE D2 
Inductionr of Trifhaorothjmidfae 

Compound coneeutratlolt 
wa 

hy I.,3-Butadiene? 

Mtstant AlWlSg& 
Fraetlallb MataM 

FrpEtkcarc 

449 
Trial 1 

Air 

Methylmetbaacllulronate 15 

1,3-Butadiene 2s 

S 

10 

20 

30 

Trial 2 
Air 

Methylmethanesulfonate 15 

l$-BWidietke 2s 

S 

10 

20 

30 

% 43 17 
72 24 
46 18 
51 16 

99 
Pl 

115 

20 
a 

159 
lS& 

128 
141 

111 
112 

68 
61 

21 
24 

92 
91 

60 
SO 

27 
19 

92 
104 

S3 
59 

19 
24 

91 
9s 

8s 
63 

28 
22 

90 
89 

61 
47 

22 
17 

% 61 21 
103 56 18 
108 43 16 

92 93 30 

24 
31 

191 
22s 

X01 
100 

37 
57 

PO 
97 

94 
92 

91 
72 

88 7s 
76 42 

74 
79 

53 
72 

194 
184 

11 
17 

28 
18 

31 
2s 

22 
15 

19 
25 

84 

ii 
107 

41 
37 

l@ 
86 

74 
89 

9s 
82 

101 
98 

91 

99 
1 

1 

33 
4s 

112 
1X2 

86 
97 

94 

If2 
93 

92 
98 

19 

lud 

22 

23 

21 

21 

lssd 

14 

23 

28 

19 

22 
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tssc 
Trial 1 

Air 

Methylcolanthrene 

1,3.Butadiene 

Trial 2 
Air 

Methylcolanthrene 

1,3-Butadkne 

25 

2.5 

5 

10 

20 

30 

2.5 

2.5 

5 

10 

20 

30 

a3 9l -51 20 
70 79 62 30 
88 97 78 30 

107 133 52 16 

39 
40 

30 
24 

281 
255 

240 
a3 

15 87 5s 
76 49 78 

97 
91 

58 
SO 

79 
82 

27 
30 

82 91 54 22 
16 62 97 43 

66 62 49 w 
81 72 72 30 

90 65 93 35 
80 69 80 33 

88 
93 
87 
81 

60 23 
65 23 
35 13 
39 16 

39 
,40 

281 
255 

240 
213 

71 
98 

40 
43 

19 
IS 

92 
64 

22 
32 

78 
82 

62 
61 

98 
40 

42 
16 

81 
73 

27 
30 

68 
76 

104 
97 

101 
98 

30 
24 

80 
86 

85 
84 

87 
99 

80 
75 

75 
76 

ii 

75 
57 

37 
26 

24 

229 

29 

29 

32 

27 

34 

19 

229 

17 

27 

29 

28 

31 



rmed at Invewsk Research int tional. 

MF~mutant fracilon. 
z Mean standard error f&m three rep&xc ptrrtes of approximatefy 106 cf& &a&. 

Significant pa&k response (P<O.W) 
e Tests conducted wi& mqabok activation were perform& as desai redfmmtheliiofAmci0~ 

1254-induced Furcba 344/N rats, +as added at the &me time ‘BS 
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induction of Sex-Linked Recessive,I&tbl Mu r- y, 
: I&me of Iacidence of I f 
‘L Ihposnfe I.loee Deatbt? 

@pm) @e=m @c-t) n. 6 I. 
;I 

Inhalation 360,tMO 15 17 
0 

* 
were not significant at the 5% level @&rgolisr a al, 1983). 
Combined total number of lethal mutation&umber of X chromo6omes tested for th~,rnati~~ -trials 

Compound 
Perceut Ceils 

wItbAk4 

1,3-Butadiene 

Trend test’ 

6.2.5 
62J 

625.0 

0.016 rt: oi, 
0.033 + o.oiW 
0.178 * 0.0450 

P<O.O@l 

1.6 f 0.36 
3.3z!zl.2s 

14,O f 3.18 

P<O.aol 

’ Study performed at Brookhaven Nation& Laboratories The detailed protoW and @lean: ted in l&e a al. (1987). 
lJ-Butadiene was administe& by iW&~ for 6 hours 9 day, 5 dkp a W for 2 Weeks (total (ime of 1s dirys) to d 
B6C3FI mice. Fifty first-division m@aphslacd were sc+si from e&h of 12 anim& per daau: group. Gaps were scored, but nil 
wed in the study& of the data pxesent#l ia this table. p*W We prrSent6d as the m&l f staedkd m. 

b Solwat a.m~l 
’ One-tailed trend teat (Margolin a al;, 1% 5igniticant pt PCO.05. 



3s 

A@ 

l,%Butadkw 6.25 
62.5 

625 

551 t 0.292 11.52 + 0.382 

6.49 ?t 0.206 12.45 zt 0.362 
ldssi$O~ 13.31 + 0.406 
3$09 t 1.757 15.38 2 0.482 

P<O.oold P<O.oOld 

Study performed at Btwkbavett Natjon& ;Labwatoriu. Ibe detailed plpltocd n Tice et ol. (1987). 
13Butadiac was administcred’by ibhalatian, 6 houci a day, 5 aayS a WC& foi 
B6C3Fl mice. Twnfydlve secondd&ision mirephkses $e,re scond from each 

15 days) tomale 
Data are presented 

as meazi r the atsndani etwr. 
’ Average cd! generation time (in hotp) basted on 100 metapbase cells ana&zed per animal, 
; solvent alavol 

One-taikd trend ana@ia (Margolin et al., 19%); significant ai PC&OS. 

TABLE D6 
Induction of Mkronuciei in Peripheral Blood 
to 1,3-Baadie& 

hrwrytes of Msle.Mice 3Qgomd :for 2 Weeks 

CQl3lpOUIKi 

(pm) 

pus& Number of 
4%) MiCX 

Conml 3.75 ,” 0592 2.67 * 0.414 2.78 a 0.015 12 

1,3-Butadienc 6.25 5.50 & 0.417 3.33 ” 0.49-f 2.43 f 0.023 12 
625 8.64 kt w89* 4.90 f ON3 ~3.08 f: 0.018 12 

625 3o.w * L2.67’ 7”17 s px9 4.33 f 0.038’ 12 

P<O.ow 

* P-zO.001. sign&ant at alpluwO.Olf (alpha=O.OS Bonfq@~ ted fqr three p+wisc ~rn~~~);-~i~ mmpwison of 
dcae gmup to control made by one&kd Pm chi-sqfxwc for nwmochromatic and ‘@@n-omatic: erythtwytes and by two-tailed 
t-tat for %PcE. 

a Study puformuzt at BrWdmven National Labarataries. The detailed protoe& and thqe data an gnswtgd i” TIce cz al, (19 
hfaie B6C3Fl mice were exposed to $,3-bajtadipxte or air (8dvent c&troI) For 6 hoti. a d#y, 5 days 8‘ week for 2 weeks (tom1 

b 
duration ct 15 days). At Ieast l$CUt PCE Bnd I,ooO NC8 were scored pfkanimal. 
Data presented as mean f standard error. 

i One4aikd tmd feat .(Margoiin cr al, 1986~ significant at P<O.OS. 
Two-tailed trend test, using iadividual animal da&s 
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lflutadimc 6.25 
6is 

625 

control 

13BUtadiene 6.25 
6i.S 

625 

1.22*5.29 1.83 Jt 0.17 

sn*o.B2** 
li66 s 1.01** 

247 s @.X9** 10 
4* ?tr 0.34” 10 

15.92 f o&P 10 

1.88 ” 0.27 1.39 ?i 0.15 

1.83 3.c 0.12’ 
5.51 t 0.42** 3.88 h 0.18”* 

14.10 5 o.!s** 11.72 It 0.36** 

10 

IO 

10 
10 
10 

l PcO.05 by Studads t-teal for no~mmatlc eqhpeyte ana&& or Kastenbgum and Bowman binomial comparison for 
pofyciuomatic aythmcyte=w’ 

l * P<O.Ol by Studcat’s t-teat 

a Smears u&e prqmral from peripheral t&wi wt~phs obtained,by cardiac puncture of dased and contr~f aabals at the texminatian 
of the ES-week studia. Slides were stained with .HoecW 33258/pyronin Y @-WKhg~r d ol., 1983). At least Loo0 PCE and 

b 
10,000 NE from each animal w sc+?d for n3iaGntiei. 
Values arc p-ted as mean f standard error. 



Female 

cotltro1 1.20 Et 0.32 

1,3-Butadiene 6.2s 0.93 t 0.35 1.17 it 0.10 1.46 + 0.16 
2Q 219 E!Z 0.37 1.24 f 0.13 
625 2.4s f 0.39 , 1.70 r o.m** 1.54 f 0.12 

200 5.89 f OS** 3.29 A 033" 5.16 f 2.19 
625 10.68 f 1.04** 7.13 f: O.&T” 8.sf * 3% 

Pco.Qolc Pc0.001” Pdb.olsd 

udei in Peripkral Blwd 

coutroi 1.26 f 0.2s 1.60 t 0.13 1.70 t 0.09 

1,3-Butadime 

P%O.OOIC 

3.45 t 02P' 
736 * io.59@' 

Pcomlc 

247 f O.s6@ 

P=O,lf32d 

* P<O.OS. Gmup mean8 vs. the *ttd $ ~ten~~~-~~‘~ t&m&I test for po ic ecythrocytea or ati Student f-teats 
for nommhmmatk ezythmcytes or t-tsWx~~ rauks for pemx$t PQE 

and contraf anhnats at the tertuiuatiou of 1s mof&i d 
~Y(MaeGrcgiuefol,K983). Atlea6t1,oQoPcBand 

; c33chlan-~ lhxqr regrc;urlah of prcpoaioIla for PCES M %eer contrasts analysis of varianu? for NC&, 
a%wdysis of lf-maceofiranks 
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Male 

n 10 10 10 

NeeropsyW~ 40.4 f 1.0 40.2 f .x3 418 rf I.6 

10 10 10 

363 * 2.0 40.2 x 1.1 375 f 1.6 

Bl-aill 
Absolute 
Relative 

Hearl 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

J-WP 
Abo1u1u 
Relative 

Spleen 
AbOlUte 

Relative 
R. Testis 

AbEOhJtC 

Relative? 
Thymus 

Abwiute 
Relative 

0.4% f o.ow* 
12.30 t 0.43 

0.x73 22 o&o6 
4.6S f 0.11 

Q.474 f ~0.006 
13.40 1: 0.82 

Q-477 f 0.003 
11.92 * 0.2s 

0.158 ” Q.OOS 
3.93 f 0.06 

02480 f 0.006 
11.91 f O.ti 

oA87 4 o.oas 
12.22f0.34 

0.484 f 0.003 
11.74 * 0.44 

0.178 ” 0.005 
4.46 + 0.14 

0.173 * om4 
4.18 s 0.12 

0.170 f o.qo6 
4.77 f 0.29 

0.175 ‘c 0.007 
4.32 f 0.12 

0.3so i 0.011 
9s t 057 

0.3s9 2 0.009 
8.93 t 0.10 

0.349 zk 0.011 
9.44 zk OA7 

0.363 f O.O%l 
8.9 If; 0.24 

o.3S8 rt 0.016 
8.90 f 0.19 

0.361* 0.009 
8.71 f 0.23 

1537 f o.oq 
37.83 f 1.34 

1.46s f 0.064 
36.40 f 0.88 

1518 f O.O+O 
3630 t 1.03 

1377 f ON9 
38J3 A 1.46 

1.484 It 0.070 
36.77 f 0.97 

1529 i 0,0&o 
40.9!5 + La.2 

0.211 -zk 0.007 
S.Y292&33 

0,219 sz 0.006 
5.47 +: 0.18 

0.230 t o.ao8 
6.2Oa:Q.ZZS 

0.226 f 0.007 
959 + 0.13 

0.2% t 0.007 
5.66 3: 0.20 

os!26 * 0.008 
5.47 * 0.2s 

o&54 f 0.003 
1.60 2. 0.08 

0.059 ic 0.002 
1.42 I 0.04 

o&64 tt 0.005 
t.84 4 0.23 

o&50 .zlT 0.06)2 
1.49 3t 0.04 

o.o8s f 0,019 
2.22 f 0.42 

aos9soOM** 
iS7 f t&3** 

o&24 -I o.o& 
0.63 f 0.14b 

0.066 + o*tps 
1.63 f 0.11 

0.103 * 0.004** 
2.87 f 0.12 

0.102 f o-002+* 
254 1 o.oP 

0.117 I o.QO2 
2.89 f 0.06 

0.117 + 0.003 
292 + 0.09 

0.114 * 0.003 
276 f 0.99 

om6 i Ma6 
0.90 f 0.14 

o&32 f o.ao2 
0.77 f 0.0s 

0.033 f ,o.aos 
O&7 j: 0.18 

Qio33 f O‘ot35 
0.82 * 0.13 

0.039 f 0.007 
0.97 f 0.18 



Orgut Weight Analyses 

TABWE El 
Organ Weights and 
in the 2,Year Inhoiotion Study of l&3 

0 Pm -.PPm 625 ppm 

Female 

10 10 10 10 8 n 10 

323 f 1.7 

0.49Y ?A 0.005 
lb.33 f 0.75 

0,132 f 0003 
435 zk 0.14 

0.235 ?z 0.907 
7.3838027 

1345 + 0.032 
4231 I?: 158 

0,242 + 0.009 
7.60 f 032 

0, 2 0.003 
231 32 0.11 

.0&t-29 1: o.tM3 
081 +. 0.08 

Necropeybody~ 33.6 i 23 34.7 + 1.4 36.8 t: 1.8 383 z&21 35.7 * 1.2 

Brain 
Absolute 
Relative 

Heat3 
Absolute 
Relative 

K. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Imngs 
AiWute 
Relative 

SpleCa 
Abolute 
Relative 

‘Illymus 
AMute 
Relative 

0.484 f 0,005 0.469 -c o.ow * 
12QtI ti o&P 13.20 t 0.41’ 

0.4% zt: 0.006 0.491 i O.OtS 
15.42 ti 1.03 1438 * 0.65 

0.491 * 0.005 
13.62 f 0.68 

0.131 +- 0.003 
4.03 f 0.24 

0,133 a 0.003 
s.8tl i 0.14 

0.134 $4 030~ 
3=1(1 Ek 0.17 

0.135 t 0.002 0.149 * 0.008** 
3.60 f 0.20 4.18 f 0.21 

0.238 * o.uo.5 
657 5 0.29 

0.238 rf: 0.006 0.2% * 0.009’* 
6.3333034 7.23 * 0.21 

0.222 * 0.008 0229 2 0.005 
6.77 f 031 6.65 f 0.19 

1339 f 0.036 
l39.00 zk’1.48 

1,430 t 0.032** 
39.34 zk 1.29 

1.280 k 0.043 
39.04 2 1.66 

1, & 0.037** 1.509 f O.OW” 
3&6$ f 135 4226 f 0.90 

0.22ti Jt 0.001 0‘251 * 0.015 
6.06 t 0.32 7.08 f 0.44 

0.236 f 0.007 
7.26 $2 0.43 

0227 ZJZ o.Qo6 
6.62 * 0.28 

0228 t a.007 
635 + 0.41 

0.077 * 0.004 
2.24 It 0.12 

0.082 * om3 
2.27 f UXP 

0.0x3 f 0.002* 0.081 f o.oosc 
1.85 + 0.07” 2.30 f 0.14-C 

0,028 Gtz 0.002 0.019 f o.OtW+d 
0.14 ri: 0.04’ 0.54 + 0.o6-d 

0.090 1 0.010 
272 f 0.28 

0.029 * 0.& 
0.81 AT 0.05 

0.030 * 0.002 
0.91 * 0.03 

0.028 f 0.002 
0.81 f O:M 

l Significantly diiercnt (lW.05) from the cwtroi group fy Williams’ or Duanett’s test 
l * PSO.01 
’ organ weigh@ and body tigkts are givea in gr;gms; orgaa-Weight-t&o@-wigkt r&$s se given as mg crrgaa weight/g l&y weight 

(mean f standard error). 
h n=9 
’ n=7 
d n=8 



z 

n 

BlGll 
Absolute 
RCMVC 

Heart 
Abtwlute 
RClNiW 

R. Kidney 
Abwlute 
ReiaZiW 

Liver 
Abmkite 
Relative 

Lungs  
Abwlute 
Relative 

Spb2ft 
Absolute 
Relative 

R. Testis 
Abtdute 
Relative 

mw 
Ababte 
Relative 

10  

443Al.2 

0.478 f p.oos 
10.84 f 0.23 

0.187 * p.008 
4.21 f 0.12 

0376  f 0 .013 
8.50 zk 0.24 

1.519 t 0 .067 
34.16 t: 0.82 

OS5 It: 0 ,010 
5S4f0.2V 

0.064 t 0.005 
1.44 t cr.os 

0.116 f o.VO3 
2.62 P 0.07 

0,063 + 0.006 
1.4V f 0.10 

10  

40.7 f 1.3 

0.176 54  0.005 
434  r: 0.13 

0,352 ” o.vo6 
8.70 f 022  

1.493 f O.!Ol 
37.55 * 4.03 

O&56 t O&V3 
139  4  0.09 

0.113 + 0. 
2.79 * 0.08 

o.osv f o.vv.5 
1.21 * 0.10 

1V 

41.9 f 12  

0-468 * 0.006 
J-J.22 t 0.25 

omo rt 0 ,004 
455  f 0.10 

0370  h  0.010 
8.86 f 0.25 

1.5% f 0.084 
3835  t 1.65 

0.244 f ~.007 
5.84 3: 0.17 

0.054 *, 0 .003 
129  & 0.06 

0.104 + 0.004 
248  f 0.04 

v.060 * 0.007 
L40  f 0*13 

10 

423  f 1.0 

0.192 1  v.Vg6 
4.53 * 0.05 

Vi391 +: 0.016 
9.22 * 024  

lS4V f 0 .045 
36.38 i 0.67 

ik257 * 0.024 
6.OG t 0.49 

o&68 f 0.w 
1.63 f 0.14 

0.112 * 06003  
266  f 0.07 

0.059 f 0404  
,1.39 f 0.10 

10 7 
42.1 f 1.4 39sz!E21 

0.453 t v.o06** 0.434 f- 0.w 
IV.87 f 036  11.18 t 0.62 

o.m6 ” 0.0% 0.179 * 0.m 
4.45 5  0.1s 4.s6*:0.26 

0.370 * 0.010 0.359 t O.OJ6 
8.85 Etz 0.24 9.13 *-0.3V 

1.628 * 0.092 2.254SV.346’ 
38.71 t 1.74 58.78 f 9.97” 

0.259 tt 0 .020 0.309 ,f 0.m 
6.13 f 0.35 8.19 f. 1.42r’ 

oml f 0 .006 0.114 f 0 .031’ 
X69 * 0.12 2% t o&5* 

0.100 h  v.o03** o&n i o.ow 
2.39 f 0.w 1.8V *o.V+ 

O.Osl 4  0.005 0.054 * o.om 
1.20 * 0.12 1.37 f 0.1s 



n 

Brain 
AbdUtC! 
Relative 

salt 
Atsolute 
Relative 

R. Kidney 
Abolute 
Relative 

Liver 
Abbsolute 
Relative 

hgs 
44bscme 
Reiative 

Spk+n 
AbiUtC 
Relative 

Thymw 
Ablwlute 
R&tiVC 

10 

412 4 w 

0,482 + ON6 
12.21+ OS! 

0.141 f 0.003 
3.%*022 

0.247 f cmu7 
631 f 037 

1.438 f 0.067 
35.67 f 1.49 

0.m !k o.ov6 
5.76 zt 033 

0.087 -t o.an 
216 c?z 0.12 

0.042 f 0.004 
1.05 f 0.10 

10 

392 * 2.2 

0.491 I o.ous 
12.92 f 0.78 

0.137 * o.qo4 
3.56 f 0.14 

0,252 z 0.009 
6.56 “, 0.32 

1342 + 0.050 
M.72 2 1.13 

0.239 ” v.Qo7 
6.23 tF 0.33 

0.083 2 0.004 
‘217 f 0.15 

0.036 f 0,003 
0.91 f 0.07 

10 

39,6 tt 2.3 

0.497 f 0.004 
13&l t 0.91 

0.354 f 0.010 
4&3 * 9.37 

0.257 i: m?o4 
is.71 zt 0.44 

1.399 L Q.023 
36.38 r: 210 

0.238 -f 0.004 
6.18 f 0.34 

0.395 I 0.005 
i&i f 0.17 

o&o f 0.003 
t.03 2 0.07 

10 

47.1. f I.8 

0.4% * o.uo4 
10.71 “, 032 

0,1$7 1 0‘003 
3.37 ” 0.11 

0.274 * v4008* 
5.88 ” 0121 

1528 c 0*040 
32.74 E?i 1m 

0238 1. om5 
5.11 f 0.19 

0.091 t 0.007 
1.99 5x oG?a 

0.056 9 0.005 
1.17 9 om 

10 2 

43.8 5 1.7 40.5 ‘t 0.4 

0. * 0.005 0.440 f 0.020** 
1r.1q z.k 0.43 10.87 f 0.40 

o.ny Liz 0.009** 0.175 * 0aos 
4.05 * 0.17 4.33 -c 0.16 

0.274 Lt 01312” 0.270 * o.ovu 
6.34 ~~0.36 6.68 2 0.06 

1.943 + 0.239** 1.590 r 0.030 
4$79 f: 4.20 39‘30 zt 0.40 

0.292 f 0.036’ 0.300 + 0.050 
6.73 ” 0.86 7.43 * 130 

0.135 Gk o.O2#** 0.205 +: 0.015=* 
3.14 f 0.53 5.07 + 0.41.. 

oB46 I 0.006 0.035 + 0.003 
1.04 f 0.13 ,085 * 0.05 





TABLE Fl 

TABLE F.2 

NE 

-I . . 

J 



Male 
n 10 10 10 10. 10 10 
Hematoiogy 

Packed red cell voiume (mUdL) 
48.1 i: 0‘5 47.8 f OS 

Hemoglobin &ML) 
16.5 f 0.1 16.4 * 0.2 

Erythrocyles Cl@%4 
10.38 f 0.09 10.29 2 0.10 

Howe&Jolly bodies (% etythmes) 
0.29 f 0.10 0.20 -f: 0.04 

Mean ccl1 vohNne (fL) 
46.3 f 0.3 464 f 0.3 

Mean cell hemo&oU (pg) 
15.9 t 0.1 l&*0 *- 0.1 

Mean cell hemo&bin obnoentratioq (@dL) 
34.4 2 0.1 34,4 4 o-1 

PIatelets (Id/&) 
979.7 5 30.1 1,003*7 + 24.2 

_ 48.2 f 0.7 

16.7 f 0.2 

to.40 zk 0.13 

0.27 G!z u.05 

46.3 f 0.3 

16.1 f 0.1 

34.7 A 0.4 

1,028.9 + 25.6 

45.9 It 0.7* ,454 t Q.9” 39.9 f 1.7” 

15.9 Y 0.2’ 15.6 * &3** 13.5 t 0.w 

9.86‘ Lt o-12** . 9.60 t 0.14’* 75s f 0.38” 

029 I 0.07 OS+ t a08 0.85 f 0.13” 

46.7 t a.4 47.‘r f 0.3 53.2 J- 0.9’. 

16.1 r 0.1 16.2 tk 0.1’ 17.9 tk 03** 

34.6 zk 0.2 34.3 z?G 0,l 33;7 f 0.2* 

1,040.r 2 cit.4 1,030.4 -c 521 1,197.S t 94.6** 
Reticulaytee (106/cct> 

0.11 + 0.02 0.06 3: 0.01 0.10 k 0.01 0.12 z?t 0.02 
Leukocytea <lo%&) 

2.71 + 0.38 1.69 5. 0.17* 2.35t0.30 2.25 “, p.39 
Segmented neutqkiib (l&L) 

1.20 * 0.39 0.61 t 0.13 0138 zt: 0.13 0.88 4 0.19 
Lymphocytes (Id//&) 

1.45 f 0.12 1.04 t 0.@3** 1.42 I 0.17 1.21 * 0.20 
Monocytea (lo?&) 

0.04 + 0.02 0,04 i: 0.01 0.05 +r 0.01 0.07 -c 0.03 
Fbinophils (I&&) 

0.00 f 0.00 0.00 * 0.00 0.01 * 0.01 0.00 I o.uo 
Nucleated eqthmqttiO0 leukocytes 

0.00 * 0.00 0.20 I 0.20 0.00 5% om 0.w 1 0.00 

Clinical Chemistty 
Creatine kinase (U/L) 

664.7 4: lS4.0b !xz2.8 * 222.0 9355 3. 146.0 1003.2 -c 227.0 
Creatine kinas- (46) 

15.23 f 213 13.22 It wb” 1550 * 1.81 14.97 + 2.14 
Creatine kinase-2 (%) 

16.07 f 3.11. 9.20 f mb 13.54 2 1.98 11.61 * &85 
Creatine kinase-3 (%) 

68.70 f 4.44 77.58 rt 213b 70.95 f 2.54 73.42 f 3.68 
Lactate v (Itm) 

44SL49, 495 ” 30 57?sz56 485138 
LDH-1 (96) 

13 f 1 13 f 1 12 f 1 14 + l- 

0.08 f 0.02 

153 j: 0.12** 

034 f 0.09 

0.96 * 0.10’ 

0.03 t 0.01 

0.00 * 0.00 

0.00 * 0.00 

7&w h 13LO 

1338 5 2.24 

9-43 2 1.03 

7@!3*2.83 

466 f 53 

33 is 1 

0,ll f 0.02 

156 + 0.12” 

0.57 * 0.08 

O.% r?: 0.09* 

0.04 2 0.01 

0.00 f 0.00 

0.00 t. 0.00 

737.2 rt 1463 

13.28 t 1.32 

11.02 + 1.77 

15.69 f 260 

406 It 53 

14 i 1 



Male (contltuted) 

n 10 10 
ainical ch+ (~tiruted) 

LJBH-2 (%) 
9+1 9ztv 

LDH3 (46) 
11*0 11 rO 

LDH4 (%) 
9fO 9 c&t? 

LDH-5 (%) 
57 I 1 59 * f 

Female 

n IO 10 
HClWObp 

Packed red ceil volume (UdL) 
47.7 f 1.5 49.6 j; t-P.3 

HemogkW @ML) 
IS.8 f 05 16.5 t oml 

N wJ%a 
9.93*0.33 ’ 10.25~v.05 

Huwell-Jolty b&b (% etphmcps) 
0.08 f 0.03 0.69 f ‘0.04 

Mcao ceil ndume (ud) 
48.0 f 0.3 4a.4ztO.2 

Main ceu hemogdobin (Pa 
15.9 f 0.1 16.1 ziz 0.1 

Mean cell betno@Mn csrxutvation (@L) 
332tO.1 33.2 t 0.1 

Platfkts (Id/C] 
9120t30.8 867.7 I121 

Reticuiaqtcs (lif’/jtL) 
0.09 * 0.01 0.11 * 0.01 

Leukocytes (I@/&) 
2.31*034 2tZ,*o.23 

segmented neu~ (l&&L) 
0.73 * dl3 0.66 zf: 0.09 

w@=!-(IQ%J-~ . 
1.53 * 0.24 139 +: 0.17 

rv¶onocyt(es (Id/&) 
0.05 f 0.01 0.05 ik:O.Ql 

Eoainopltils (IOQtL) 
o.vov f o.voo o.ooo I WHO 

0.00 I 0.00 

10 

911 

11 i 1 

950 

59a2 

10 

49.7 $ 0.5 

26.4 * 0.2 

10.27 Et? 0.08 

0.12 t 0.03 

48.3 f 0.2 

16.0 f 02 

33.0 f 0.1 

079.9 k 25.6 

0.09 f 0.01 

2.71 lr: 0.30 

0.87 f o&9 

1.75 $2 0.22 

0.09 -c 0.03 

omo r om 

0.00 * 0.00 

X0 

10 

49.1 e 0.4 

16.3 4 02 

10.12 f o&7 

0.17 -L?: vB4 

485ma.3 

16.1 I Ql 

332 Ttz ID,1 

82x3 ‘iT 54.9 

0.09 ‘f .0.0x 

209 r?r 0.18 

0.66 3t: 0.08 

1.39 I 0.13 

v.04 t 0.03 

o.mo f o.oofj 

o.vo I v&o 

10 

9to 8fO 

11 *v 10 * o* 

9&O 10 f 1 

58 5: 1 58 rt 1 

I# 8 

47.1 b Es** 

15.5 9 0.1** 

9-79 $2 osn** 

0.34 $z o.w* 

30.2 s 0.1** 

16.5 t 0.1** 

323 j: Ll 

892.6 t 145 

-0.07 f o.vl 

1.51 + 0.16” 

v.so~t 0.m 

0.98. i.. 0.11* 

0.03 sf: 0.01 

o.vv3 * 0.002* 

om zk 0.00 

40.5 f 20** 

13.3 f 0.7”. 

7.31 f o.!w* 

0.64 f 0.07” 

55.9 t 1.5** 

18.4 10.4’5 

329 t 0.2 

944.0 f 7o.e 

0.09 f 0.02 

156 dz 0.18’ 

053 f 0.16 

1.00 f 0.15 

0.00 2.7 0.01 

0.001 + 0.001 

0.00 * 0.00 



Femak @o&wed) 
n 10 
akicalcbcmisy 

czrelttitle kinase (u/L) 
868.0 f 195.0 

cttatti kilmae-1 (%I 
16.73 f 2.63 

cnatias: kinae-2 (%) 
1205.5 f 251 

cnetillc, kin&#-3 (5%) 
70.72 f 4.42 

Lactate dchydrollenarre (IWL) 
27s f.24 

LDH-1 (%) 
17 f 1 

LDH-2 (%) 
9&l 

LDH-3 (%) 
9fO 

LDH-4 Q%) 

LDii-5 (%) 
9r1 

56 f 2 

10 

660.0 * 129.0 

18.81*2+32 

12.88 x 2x7 

48.31* LwfJ 

261 f 18 

17 * 2 

9921 

10 * 1’ 

10 t 1 

54 f 2 

10 

747.7 f 1420 

14.27 f l.%b 

732 f OMb 

78.41 3: 2.53b 

294*33 

16 f 1 

10 h 1 

10 t 1 

10 It 1 

55 I 2 

10 

6826 f 101.0 

14.14 * 1.36 

12.02*2z? 

m83s3.34 

314 * 32 

13F.k 10 

8fO 

9*0 

9ro 

61 3: 2 

8 



367 

l9t&cdrrrlccllvolume(wdL) 
45.4 AZ 0.6 44.9 f 0.8 

rltmolrrobia(dbL) 
16.0 f 03 15.5 f 0.1 

IArythmcytcs (I@/&) 
10.02 f 0.12 9.92 * 0.22 

ttaweUJo4ybaikD(%erythrocyles) 
0.24 f 0.05 0.2l f 0.04 

Jbkan ccl1 volume (lL) 
45.3 f 03 45.3 t 0.9 

Mean cell bemog)ohin (pg) 
16.0 h 02 15.7 f 0.3 

hima cd hemo@bia amcmaraiott (&&I 
353 t 0.5 34.7 t 0.5 

rtatekls (lo%cL) 
xpso3 t 363 

wcrlcu~cs (lti/&) 
q38.7 1; 17.7 

0.19 f 0.01 0.21 f O.ozb 
lceukocytes w%w 

353 * 0.48 339 f 0.47 
&qplcnted neutrophib (Id/IL) 

1.70 f 0.37 1.43 f 0.24 
lymehocylcs (m%l4 

1.69 f 0.24 ,1.86&&27 
Manocytes w%m 

0.13 f 0*03 0.09 iz 0.04 
&&ophils (ld/&) 

0.01 f. 0.01 0.02 f 0-w 
Nudcatcd erythmcy(eb100 kukocyea 

om f 0.00 0.00 f om 
?btd tmae InarKm ceuu&uity (lw-url 

35.90 t 1.16 

taak8l the 
i, -line kituw @J/L) 
c. 295.2 t 53.3 
$1 Cxptinc kitmae- (%) 
:‘, 14.75 t 263 
i+- Ceatine Uttaw-2 (%) 

7.82 * 1.02 
Qv8tinc kitwe- (%) 

77.43 f 3.48 
; lactate dehydrqaase @U/L) 

351t27 
‘. LDH-1 (%) 

21 f 2 
IDH-2 (%) 

11 f 1 

z!i2941.22 

466.3*84.4 

10.74 f 2.08 

5.78 * a.68 

83.47 f 267 

423f68 

19 + 2 

Xl t 1 

10 

46.3 f 0.6 

15.7 * 0.2 

0.29 * 0.08 

15.6 * 0.1 

34.x f 03 

.2 f 318. 

024 t 0.03 

u8*033 

13P~st 0.16 

1.75 * OS0 

0.14 * 0.03 

om f 0.00 

0.00 t 0.00 

3sdi6 + 210 

7343 It 228.0 

13.19 i 1.96 

8.08 i 1.47 

7fs.73 zl3*13 

392t39 

21 * 2 

11 ro 

lt? 

44.0 t 1,9 

t5.7 t 0.6. 

9.80 f (x47* 

a.31 f ty5 

45s f 0.6 

16.1 * 

35.6 f. 61.4 

l&i63 4 zJ.1 

0.23 I 0 

243 d Q26b 

0.98 * o&e 

1.44 f 0.16 

O.lQ I: aiJ 

wo tt: o&o 

0.00 f 0.00 

3227 ~~3.04 

6878 f 104.0 

12.20+204 

5.Pi * O&9 

81.83 rL: 268 

782&383 

18 ?t 2 

9*1 

7 

3.5 7 t 20” . 

122 * 0.6” 

7.38 f 0.40** 

0.51 f 0.11 

a4 * 1.5* 

16.6 * 0.4 

34.4 t 0.6 

1316.6 * 121’ 

0.24 f 0.05 

333kO82E 

262 t ose 

2.17 + 037 

0.06 + o& 

0.01 f 0.01 

0.00 f 0.00 

2839*3.84 

331.9 j: 98.4 

15.02 k 3.96 

x201:209 

77.77 + 5.95 

688 f 176 

13 f 2** 

7 f 1, 
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368 WB-dime, NIP TR 434 

Mak (amtinued) 

11 10 10 
czhiG4l chemiwy (continued) 

Lml-3 (%) 
10 f 1 11 * 1 

LDH-I (%) 
7&l 7fO 

LDH-5 (%) 
51 f 2 32 f 2 

Femaie 
n 10 10 

Hennatdogy 
Ptaed red cd vdumc (UudL} 

45.7 * 0.2 4&r * 0.4 
J+=w~ ww 

153 2 0.1 
fiPhn>cytes <l@bL) 

1SJ + 0.1 

l~.Q2 +.0&Q lQ.Q7 * 0.08 
Howdi-kiIy bodies (% erythrocytes) 

$04 f Q.02 0.06 k 0.03 
Mean eel1 vohlnte (lq 

45.9 rt 03 66 t 0.3 
Mean cdl hetttwitt (pg> 

153 * 0.1 Mb1 * 0.1 
Meen cell hcmogkrbia Concentratian (g/r&) 

335 + 0;2 33.7 f 0.1 
Platekts (Id//&) 

873.1 f 14.0 933.6 rt 19.1 
Retkttkuyca (la6/&) 

0.21 2, a.03 0.21 * 0.03 
LeuLaytes (~~/rt) 

2.37 f 0.22 1.95 f 0.17 
Segmmtui neutrophlls (pQtL) 

Q.79 $2 om 0.68 0.04 * 
Lyn#pibocytea <lo%w 

1.49 + 0.15 1,18 + 0.14 
Mogocytes (l~/lrL) o ~ * o o2 

Wi(ld/jtL) + ’ 
o&8 f 0.02 

o.oq i 0.01 0.02 d 0.01 
Nncleated etyt~oo IeUkocyt~ 

0.00 f Q.Qo o&o Y oao 
Total bone matmw celhthuity (l@Kqur) 

31.19 * 1.80 31.93 t I.02 

10 

11 & 1 

8fl 

so f -2 

10 

45.8 f 0.4 

EL5 4 0.1 

9.90 f 0.10 

0.12 f 0.04 

46.2 zk 0.3 

16.0 zt 0.1 

33.8 * 0.2 

830.0 I: 192 

0.19 f 0.02 

234 It 0.19 

0.89 f Q-10 

135 * 0.19 

0.09 a 0.03 

0.01 j: 0.01 

o*oo f 0.00 

30.96 f l&l 

IQ 

10 t 0 

7%0 

47 f 3 

PO 

44.7 f 03 

15.1 * Q‘2 

958 Js 0.12” 

0.14 s o.oP 

46.7 I 0.2 

16.1. rt 0,s 

33.8 cf 0.2 

798.S 4 lQ,l* 

0.14 zk 0.01 

1.99 i 0.21 

0.81 f o&8 

I,10 f 0.19 

o&5 + 0.01 

0.01 i: o.Qo 

Q&o f o.Qo 

29.?3 ?t 0.92 

10 

10 f 1 

8fl 

56i 1’ 

10 

423&W 

14.1 ?t: 0.8 

9.05 4 oA52** 

0.11 t 0.03 

47.3 f OP 

16.!5 * 0.1” 

33.4 f 0.2 

m7 3e 85.9 

0.39 f 0.12 

3.06 * 0.47 

1.26 * 0.21 

1.61 L 034 

0.17 f 0.02’ 

0.03 rt 0.02 

om * om 

3243 rt zlsb 

7 

;11 * 1 

811 

62 f 3.’ 

2 

31.7 3z 3.0’ 

10.7 * 1.3. 

6.19 f 0.91’* 

0.6s t O.OP 

515 f 2.5. 

17.3 f w** 

33.6 f 0.8 

395.0 f 40.0’ 

0.82 * 0.19 

5.05 f 0.25 

359 t 0.w 

1.14 * 0.0s 

0.33 t 0.01. 

0.00 +, 0.00 

om ii 0.00 

4230 f O*?Q 



TABLE F2 
Wematdogy and tZ%nkal 
in the 2-Year I~hlatim 

369 

FeUtaie (amtinacd!~ 
n 10 
clitdadchemistry 

tLJlwltilie khtasc (U/L+) 
409.1 f 76.2 

crcatinc kinase-1. (%) 
20.09 t: 1.83 

creatine khlase-2 (%) 
8.63 f 0.91 

ciestine kinase-3 (%) 
71.27 f 2.42 

Lactate dchydrogcnase (W/L) 
2s3c27 

LDH-I (%) 
21 f2 

LDH-2 (%) 
P&l 

LDH3 (%) 
8X0 

LDH-4 (%) 
9k.Q 

LDHS (%) 
54 * 2 

10 

475.5 f 62-O 

18.02 t 2.01 

9‘82 f 1.09 

72.14 k 2.88 

354 * w 

15 4 1.0 

74 1’ 

7&O 

10 4. 1 

62 x 2 

10 

422.8 t 152 

25.52 t 3.41 

lQ.a x 1.24 

64.27 x 4.25 

274 f 34 

21 * 2 

8x0 

8fO 

10 * I 

55 f 2 

10 

577.4 I 221 

19.66 zk-213 

Il.58 zt 136 

69.G 1: 3.27 

‘3203:58 

23*3 

8&l 

8&O 

8tO 

53 5 4 

10 

316,2 zt 74.9 

SW‘* 297 

10.41 f 1.06 

65.34 x 3.64 

$59 f 313** 

14 * iI** 

72 1* 

9*-i 

9X0 

62 -c 2 

2 

3405f172 

17.78 + 5.81 

1132 * 331 

70.90 I 9.12 

1g1s r+ 2%1** 

12 + 5 

4 t 1** 

8tO 

921 

67 rt 4 

* SigtdikanUy dit%ent (P~.OS) from the amtml gmup I$ Dunn’s or Shirley’s tat 
l * Pti.01 
; MCM t standand crmr. LDH*+te d&ytlrogarase 

n=9 
c a-4 
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FIGIJREGl b&awed l ,*..***.....‘.9.*,..*.,....., 374 
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372 l$-Butadieue, NTP TR 434 

CME D 
GEN 

ON OF lg*H 
1,3-Butadiene was obtained as a 1iquiW.i 
and shipped directly to Battelle Pacific N 

~Philhp Chemical Company, Phihex Plant (Borger, TX) 
in seven luts (J51~,352$,~3538, J-050, J-149, J-217, and 

J-375) for use in the 2-year and st?p~ure-studio. Identity and purity analyses of a representative lot 
(F850) were conducted bythe analytical chemistry ~a~~to~, ch Institute (Kansas 
City, MO’). The reports on anaiyaes performed in support of the 1,3)-butatiene studies are on file at the 
National Institute of ~~ronrne~~~ ~~t~‘~en~. 

The study chemical, a clear, was identified as ~~~b~~d~~e’by j~~ar~ and nuclear magnetic 
resonance spectrosapy. Ah cons&tent with those ewed for the structure and with rhe 
literature spectra (S&tier l@dmd Spc@a) of 1,3-bu 61 and G2 The purity 
of lot F-&W, which was not .used he studies, was de of the amountof the 
inhibitor, &butylcatechol, ;knd by chro~~~o~a uttt of the. inhibitor, 
t-butylcntechol, was performed bymixing a sample of ,~~wbu~di~~~ with 1.0 N um hydroxide and 
comparing the sample to a t-butylcatechoi standard, Gas ehromat~~phy wa$ rfomed with a flame 
ionization detector (FID) and a nitrogen carrier gas, using two safe: 

A) Porapak QS on gOno mesh, Nth a carrier gas flow rate of 40 mUminute, and an oven 
temperature of loo* C, and 

B) SO/lo0 mesh Carbopack C&U% SP-1000, with a carrier gas fluw rate of 45 r&/minute, and an 
oven temperature of 

Quantitation of the dimer, 4.vinyl-l-cycloh@ tatte~ in the sample 4iquid and pr@e was performed with 
gas chromatography using system, A  but with g carrier gas fiow rat? of’w mL&inute and an oven 
temperature of 150” C Approtimation of the cunccntration of the’f~~~tor, ~-bu~l~t~hol, in the hquid 
phase indicated approximately 4 ppm. Gas ~romato~aph~ indicts a rnajcxpeak and no impurities .with 
areas of O.B% or greater relative to the major pe& The 1 nyl- determined to 
be 35 -c 1 ppm for the liquid and less than 1 ppm for the Th lot F;I)sD was 
determined to be greater than 99%. 

Lots J-014, J-025, J-038, J-@O, J-149, J-217, and Y-375 were analyxxt by &it 
identity by infrared spectroscopy and for put&y and dirner ~n~~t~~~o~ hy 
system A. 

GENERATION m m  ~0~o~N~ ~~~~ ONS 
Generation Sy&ent: &3-Butidiene gas w @  supphed in the proper &ount to cha’mber by the 
generation system sh@vn in ,Figure G3. The gas was obtained from the h~~~~ of the Wbutadiene 
cylinder with a pressure regulator. 

The gas watt piped through stainless steel tt@ng to a ~~,~~uto~ valve, d~t~~~t~o~.~oid, and fiow 
control system. The main shutoff valve was corn with manual ,operation capability. The 
distribution manifold served to d 
came control of gas flow. Pine 

limiting valves. These valves provided 
ring Wves in conjunction 

with flow meters that were caiibrated to to the desired chamber 
concentrations. 



Gas was injected into the chamber i&et ai u~~ent~ removed frum the chamber lo 
allow for proper mixing with incoming air ‘of the c~rn~~-~~~n. atmosphere wit&in 
the chamber. The mice were and c~~~~ ~~et~u 2200, Lab Products, 
Inc.) 

~~~ and room air was 

culumn was operated 
time of approximately 

rites. An oven- 
tioqts and the on-line 

gas chromatograph. This valve directed a cant a 1.0 XI& nickel 
sample loop located on an oven-moun.ted e stream4ekct valve 
allowed sequential analysis,of sampi& fro qosure chambers; roam air, and 
The time required for a complete set of a from ail 12 ports was appro~ma 

The on-line standard of ZOO pirn 1,3-bmtadieae~i8-t nitrogen was used to detect i~~~ment drfft; it was not 
used to establish instrument ca$ibrqiou. when, excessive dri& was detected, tbe tinit+ was rexalibrated.. 
Standards for calihation were prepared ~~urn~~~~ in gastight b~;aud injected .directiy into the 
on-line gas chromatograph. 

The monthly mean exposure concentrations are presented in Figures ~4’thr~~~ W. A summary of 
chamber concentrations is showrr in Table GT. 
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spfxmm Ampt. 13x10 Sweep T&ne -Ai- min Samp& 1.3 - Butadiene Remarks: Operator: T._eedsrson._ 
Fitter Q.I sec. Sweep Wtith &ppm or i-k Lot No. F-850 “Skiebands Dare: a 
RF Power-.&Q&-mG End of Sweep & ppm Or HZ Batch No. 06 Spectrum No.: 2L!X&L 

Task No. ES- 1507 
Salvont: CDCI 3 
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6.25 5% 6.Y+i f 0.76 
20 5,847 i9.8 f 1.17 
62.5 w- 61.4 f 3.24 

200 5,788 x99 f 9s 
625 3$26 619 f 327 

a Mean 3 standml devistion 
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TABLE Hl 
Ingredients of T+TIH-M Ret and Mouse Ration8 

Ingredientsb 

Ground #2 yelbw sheUed corn 
Ground hard winter wheat 
Sqban meal (49% protein) 
Fish meal (60% pmtein) 
Wheat middUngs 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
soy oil 
Dried brewer’s yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

%uo 
4.00 
J‘W 
2s 
2.00 
150 
X.25 
0.50 
0.20 
0.25 

; NCI, 1976: NIH, 1978 
Ingredients ground to pass through a U.S. St8ndard S$eeti No. 16 before being mixed 

TABLE H2 
Vitamins and Minerals in NIHb7 Rst agd M* Ration3 

aklmyut / 

Vi- 

A 
D3 
% 
d-a-TocopheryI nwate 
Choline 
Folk acid 
Niacin 
d-Pant@nznic acid 
Ribotlavin 
Thimine 
B12 
Pyridaxine 
Biotin 

Stai@zed vit+min A 
D-acrided animal st&al 
U&adione 

Iron 
Manganese 
Zinc 
copper 
Iodine 
Cobalt 

120.0 g 
60.0 g 
lko g 
14.0 g 
1.4 g 
0.4 $ 

Iron @f&e 
~n’~n~~ wide 
Z&c oxide 
CoppersuIfate 
Calcium Mate 
CDbait utrbonete 

a Per ton (2,ooO lb) of finished product 



PKmhl (% by weight) 
crude fat (% by weight) 
Crude fiber (% by weight) 
JQh @J by hgb9 
AminoAclds(%of1dkt) 
Arginine 
*line 
Glycine 
Histidine 
Iaolellcine 
L4WillC 

Lyaine 

Methionine 
PhenyWauine 
Threonine 
T;ryptophan 
Tyrosiae 
Valine 

Eeetatial Fatty Act& (% of total dtel) 

I.iooIeic 
IhOleniC 

Vitamin A (Wkg) 
Vitamin D (?Wlcg) 
aLTapphero1 @pm) 
-lamhe @pm) 
Ribofbwin &pm) 
Niicin @pm) 
Pantotbeuic acid @pm) 
pyridard= @pm) 
Folii add @pm) 
Biotin @pm) 
Vitamin B, (ppb) 
Choke @pm) 

MtoenJe 

calcium (%) 
Phospholvs (46) 
Potasshtm (%) 
chIolidc ,(%) 
Sodium (96) 
WY-~ tw 
SuJfuc (%) 
bth @P@ 
wnga- @f-W 
zinc @pm) 

2r-y’ 
Chromimn @pm) 

, ~bttl~ (PPm) 

2233 * 4.49 
5.49 f f&27 
3.37 I .fm9 
637 f $32 

130 t i@lM 
@Q6 t g.084 
1.150 2 0.047 
0.576 t 0.824 
0,917 s tm9 
1.946 t &ass 
1.270 f fhs 
0.448 s 0x8 
0.987 t: 6.140 
0.8p f 0.042 
0.236 +: 4176 
0.6?6 d oJa5 
1.103 f a4o 

2393 f a.258 
0.28Q 1: d,oga 

7q2 * 4451 
4,450 f xi382 
37.95 t 841 
2a.59 * 248 

7.92 
103.4 

34 q-7 
t 26v6 

2954t%60 
9.55 f 3$8 
225 + a73 

0.254 It a.@42 
38.45 t q&i31 
n;c#fps 

1.17 f 0s 
0.93 & Q&M 

0.883 f tiW8 
02x26~~ q 
0.313 t a390 
0.x68 f omo 
028Ot:Q&64 

361 L 1.M 
92.0 f 4;Ql 

54.72 f 367 
11.06 f 90 
3.37 t o&2 
1.79 t OS 
0.68 4 OJ4 

21,7 - 23.6 17 
4.9 -: 4.0 17 
2.7 4 4.0 17 
6.X- 7.X 17 

12lo-1.390 8 
0.1&l - D&M 8 
1 - L2xo. 8 
0531 - OJsQ? 8 
oi88l- 0$44 8 
Ls!w- 2040 8 
1.200 ” 1.370 8 
096 - o.@w 8 
b.645 - 1.110 8 
o&%4-0940 8 
0.107 - 0.671 8 
0364 * 02794‘ 8 
Lo50 - l.370 8 

1 - 2.570 7 
0.2x0 - 032&J 7 

4,700 - 13,ooo 17 
3JmQ-63oB 4 
23..sa-48.9a 8 

IS.0 .i. 24.0 17 
igo - 9.06 8 
65.@ - g?xw 8 
23.0-34.0 8 
s&J - 14.0 8 
180 - 3.70 8 
0.19 - 032 8 
10~6 - 65.0 8 

s?eMo 13,430 8 

1m - -L4g 17 
a.84 - x.oq 17 

0.772 tw71 - 6 
038@-O&35 8 
0238 .y 0371 8 

8 
8 

us-0 - 52&o 8 
8X.70 -.99.4Q 8 
46.w 7 44950 8 
8mo- 1539 _ 8 

152 - 4.13 6 
1.M * 209 8 

0.490 - 0.78Q 4 



Atxenic (ppm) 
Cadmium (p~rn}~ 
had (ppm) 
M-w Wm) 
Selenium (ppm) 
A!wcxins (ppb) 
Nitrate nittqen @pm)’ 
Nitrit+?~nittqen @pm)” 
BI-LA @pm) 
BZfl: (wm~~e 
Aerobic plate count (CFU/g)f 
Aerobic plate count (CFU/g)g 
CdiEotm (MPN/& 
CoWorm (MPNlg)’ 
E co& (MPNlg) 
Total nitrasamines (p& 
N-Nitrosodimcth@miine (ppb)i 
N-Nitrosopywiidine @pb)i 

(I-BHck <a01 17 
/3-BWC <0.02 17 
y-BI-IC co.01 17 
&BHC CO.01 17 
HeptachIor GO.01 17 
AId& co.01 17 
Hepwhlor epoxide co.01 17 
DDE aLo1 17 
DDD eo.01 17 
DDT 40.01 17 
HCB <O.Ol 17 
Mi <O.Ol 17 
Metboxychlor CO.05 17 
Dieldrin <O.Ql 17 
Endrin <O.Ql 17 
Telodrin <O*Ol 17 
ChIordane co.05 17 
Toxaphene eo.1 17 
Estimated PC&? X0.2 17 
Ronnei co.01 17 
Bthion eo.02 17 
Trithion < 0.05 17 
Diazinon co.1 17 
Methyl parathion <o.tB 17 
EZthyl parathion CO.02 17 
Malathion~ 0.14 c$ 0.12 co.os - 0.3s 17 
Endowlfan I co.01 17 
End~Ulfan II co.01 17 
Endo!slllfan sulfate CO.03 17 

0.54 f 0.11 0.14 - 0583 17 
0.11 10.02 OAO - 0.20 17 
0.3s h 0.26 o.Qs - 0.96 17 

< 0.0s 17 
0.n s 0.05 0.26 - 0.48 17 
4.0 17 

as3 & 9.06 120 - 41.0 17 
051 5 0.81 <o.jo - 2.60 17 
253 4 1.01 c2.oo - sm 17 
1.18 52 0.73 <iop - 4.00 17 

47,681 $74541 4$%MJ - 3oo$oQ 16 
100,171 f 228,137 4$QO - 94O;w 17 

3.13 2t; 0.34 400 - 4.00 16 
11.77 * 35.63 <3&O - 1so 17 

e3.09 17 
9.80 ;c 4.31 3.90 - 2&00 17 
8.38 sr 4.15 2.90 - 19.00 17 
1.42 ;1: 0.92 1.&i - 4.50 17 
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TABLE H4 
Contarinarat Levels in NIH-07 Rat and Moyise Roth 

coDtaminents 



Feed halyaw 
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MEIXQDS 
Rodents use&in the Carcin 
optimally clean faci@ies ;Co 
Animal Program is part of 
evaluation of chemiql compounds. 
serology on sera from extra (sentinel 
are subject to-identical e~~o~rn~n~~ ~~diti~. 
source and wean&g groups as t&e animals‘ used for the stud& propounds. 

Prior to the beginning of :tbe 2*year stud samples for vitii ~~~~g tTcm%ted from i% mice of 
each sex and tested by Battelle Pkitic Nkthvirest Labor+tori@ ~~~~~~ I36uF* Illicrt of 
each sex were selected at the time of ~~rn~ti~n and,~U~~o~ of the tu the various snxcfy 
groups to serve as sentinel animals. ~~~e~~nirn~~ of each de@@@ senti p were killed at 6,12, 
and 18 months on stu ng at 24 ~mqnt-bs were ~~~~~ from five mia: of each 
sex from the 62.5 pp ected &urn eaqt the 
serum was separated. n ice and slips to 
Incorporated (Beth&a, MI?) for d~~~i~~tion of the vi- a~tt~dy titers. following tests were 
performed: 

Method of Anah& 
Complement fixation 1 

LCM (lymphocytic choriomeningitis k@us) 

ELISA 
Ectromelia virus 
GDVlI (mouse encephaIomyelitis vit%s) 
LCM 
Mouse adenoma ,tirus 
MI-IV (mouse hepat& virus) 
MVM (minute virus bf mice), 
Atzijcopti &FrhW 
Mjwp&mna p&mnir 
PW (pneumonia virus of mice) 
Reovirus 3 
sendai 

Hemagglutination Inhibitioa 
K (PWo=tirus) 
Poiyoma virus 
MVM 

6,12, 3r;S, an& 24 months 
12,18, and 24 months 

18, and 24 months 

18, and 24 months 

Preinit~~~n, 6@ 12,18,24 months 

61228, and months 
6,X2,18, a&d months 
6 and 12 mom 

Immunofluorescetsce assay 
EDIM (Epizootic diarrhea of infant mice) 
LCM 
MVM 

6~12,18, a&$24 xrtonths 
12 months 
12 m&Us 

RESULTS 
The serology results for sent&e1 animals are: nted in Table 11. 



Prvinitiatioll 

6montbs 

12 month8 

on0 None pdtive 

trio M. ardrritirkj 
l/l0 

18 months o/9 None pouitb 

24 months IDO M. tnrWidb 



TR No. CHEMIeAL 

201 
2n6 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
a0 
242 
243 
244 
24s 
246 
247 
24s 
249 
250 
251 
2!52 
253 
254 
255 
257 
259 
261 
263 
266 
267 
269 
271 
272 

&3,7$-TetmeWmdi~i~~ @eN> 
1,2-Di~Worop~~ne 
cytem- 
FR8tCYeIkwNo.6 
2,3,7&=Xttradrlorodi~4in (Gavagr) 
1,2-DibtroarncthaM: 
Cl. Acid orange 10 
Di(2-ew)adipte 
Butyi Ben@ Pbthalate 
aPm 
Biiphti A 
ll-Mnoic Acid 
Di(2-EthyU&)phthalsrte 
2&Di~phet#enediami 
C.I. A&i Red 14 
Locust Bean Gum 
C.I. Diipem Yellow 3 
Eugeml 
Tara Gum 
D8rCRcdNo.9 
C.I. sdlvent Yellow 14 
Gum Arabic 
Vinyiideuc Chloride 
Guar Gum 
Ag=- 
stannoull QlhKide 
Pentambalke 
2-Biphqkmiae Hydrochloride 
Auyt laolhiocyanatc 
zca- 
D-h4&Mitd 
l,l+l,Z-TutacbloFocthaM: 
zilam 
Biis(2cllrorcrl-MethyictWyWtryt)etha 
PropyiGawe 
Riillyt Phtbatate (Mice) 
Trichlocethyteae (Rata and ,Mioe) 
Poiybrominatcd ,Biphenyl Mixture 
Melamlue 
y-St= cHa=ters) 

4,4’ -M&ykncdiiniline Dihydrotzbtotide 
Amtite tUbatoe (Hamst+ 
&nyfi-e 
&4- Bt 2&Toluezce Di~te 
Gcmyi Aectate 
Aliyt Isanierate 
Di (Pffethyie?c chloride) 
1,2-D- 
Diglyc%Qi~~ Ether 
Ethyl Amyiatc 

l&Dii~W 
Monuron 
1,2-Propykae oldde 
TeJoae IW (1,3-Ri&ioropropene~ 
HC Blue No, 1 
Plq@xtc. 

273 
274 
27s 
276 
277 

iit 
280 
281 
2s2 
284 
2% 
287 
288 
289 
291 
293 
294 
295. 
296 

2x3 
299 
300 
301 
303 
304 
305 
306 
307 

z 
310 
311 
312 
313 
314 
3ti 
316 
317 
318 
319 

iif 
322 
323 
9 
325 
3% 
327 
32% 
329 
330 
331 
332 
333 
334 
335 

*u.s. GOVERNMENT PRINTING OFFICE: 1993 34&-280/80013 


